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PREFACE. 


Dr. W. ScHLiCH, C.I.E., lias allowed the present book to form 
Volume IV. of his Manual op Forestby. For this favour I have 
thei'efore to thank him, as well as for the kind advice and 
assistance he has always readily afforded me during the progress 
of the work. This treatise on Forest Protection, the full 


scope of which is explained in the Introduction, is an adaptation 
for English readers of the well-known German Forstschutz, by 
Dr. Richard Hess, Professor of Forestry at the University of 
Giessen, in Hesse Darmstadt, to whom I am most grateful for 
permission to utilize his book and its illustrative plates. I have 
found it at times necessary to deviate from the original, 
especially in the chapters on Forest Offences and Eights and 
Forest Insects, so as to render them more serviceable for 
English readers. I have also, wherever practicable, exemplified 
the subject-matter from Britain and India, so that the hook 
might he specially useful to British and Indian foresters. 

Mr. B. H. Baden Powell, C.I.E., Instructor in Forest Law at 
the -Royal Indian Engineering College, and late Judge of the 
Chief Court of the Punjab, has very kindly revised Chapters HI. 
and TV. of Part I., which deal with Forest Offences and Bights, 
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liim for revising these chapters and rewriting man}’ pages of 
them, so as to make them more distinctly applicable to British 
insects. While those portions of the work of Dr. Hess which 
deal with insects unknown in the British Isles have been largely 
abridged or entirely omitted, it has not been found possible or 
advisable to remodel the chapters on insects from an entirely 
British point of view. The scientific names of the insects 
referred to have been altered, wherever this was required, so as 
to conform with the nomenclature adopted in the host modern 
systematic works on British cntomolog}'. 

Dr. H. Marshall Ward, F.11.S., has very kindly looked over 
Part m. which deals with forest weeds and fungi, in which ho 
has made some corrections. The scientific names of the forest 
weeds follow Hooker’s and Bentham’s British Flora, 1892, and 
those of the fungi, B. Hartig’s LEHnnuen nen Bauji- 
inuNKHEiTEN, being nearly all the same as those adopted by Dr. 
Hess. 


My colleague Dr.F. E.Mattliew8,F.I.C., has very kindly assisted 
me wherever any special knowledge of chemistry was required, 
as in the last chapter dealing with the effects of acid fumes on 
trees, and also in con-ecting proofs of the whole book. I have 
to thank Mr. J. W. Sowerby, of the Botanic Gordons, Regent’s 
Park, for information supplied regarding the effects of London 
smoke on the growth of trees. 


Miss E. Onneiod has lundly placed at my disposal three plates 
(tigs. 135, 186, 187) from her “Manual of Injurious Insects • ’’ 
Dr. Maxwell T. Masters, P.R,S., has lent me a plate (tig. 233) 
taken from the Gardeners' Chronicle.- and Dr. H Marshal! 
Ward two plates (tigs. 258 and 259), taken from his Croonian 

lecture^ and pnbHsh^ in 47 of the Proceedings of the 
Royal So^ciety. ^ ^ 

: Ti^'mrenoe U.e ro'otaotes to the anthoV. 

whose^orlts 1 have^nsulted.. --s'. 

" . ' •' ■ c> , — 

■•"jJoOpfeRR'fcil. CoLt.'TCB, ’ V’ fisher. 

'i. Arfs.VsL aflw - -- 
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INTRODUCTION. 


1. Definition op the* term Forest Protection. 

Forests may be protected by two agencies : — 

By the State, through laws and regulations made for the 
general welfare of the country and forming the subject of 
Forest Laio, 

By the Owner of the forest, in his private capacity, and only 
this part of the subject comes under the term Forest Proteefion, 
which may therefore be defined as follows : — 

Forest Proteetion has for its object the security of forests 
against tmfavourahle external influences, as far as lies within 
thepoioer of their oioners. 

The measures to be talien in order to protect a forest may be: — 

Preventive or remedial, according as their object is to ward 
off certain dangers, or to remedy evils which the forest has 
already incurred. 

The essential conditions of successful Forest Protection are : — 
Knowledge of the phenomena and causes of all damage 
which may threaten forests. 

Knowledge of the available preventive and remedial 
measures. ; 

K. 

. A proper application of the above knowledg'e.tb any special ' 
case of damage which may arise. 
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POREST PROTECTION. 


2. Position of Forest Protection in Forf.stry. 

The position of Forest Protection in the science of forestry 
will be seen from the following considerations : — 

Sylviculture teaches ns how to form, tend, and regenerate 
forests ; Forest Protection, how to guard them against injurious 
external influences, and is followed by Forest Uiilication, which 
shows how to utilizo a forest in the most snitablc manner. 
These three branches of Forestr 5 ' are also included in the term 
Forest Production, while the remaining branches arc com- 
prised under Forest Management, which includes Mensura- 
tion and Valuation of Forests, Working-Plans, and Political 
Economy applied to forests, which may bo termed Forest 
Policy. 


3. IIiSTORicAit Notice. 


The first trace in history of forest protection consists in that 
afforded to sacred groves and trees. "We read of such gi’oves in 
the Bible and in Tacitus, and they still exist in India, especially 
in the hill-tracts south of Assam. In Europe, the oak and lime 
appear to have been the trees looked upon as most sacred, and 
in the Himalayas, the deodara (God’s tree). 

The Ban forests of the middle ages established by the 
Emperors of Germany and other royal or noble personages 
who wished to secure sufficient tracts of forest for the preserva- 
tion of deer and other game, formed the next stage. The 
Windsor, Epping and Dean forests, the New Forest and some 
other smaller forest areas are the relics of former extensive 
tracts reseiwed as hunting-grounds by the Norman kings of 
England. 


The forest laws of the middle ages, besides being chiefly 
concerned in the preservation of game, contain many profusions 
regarding .boundaries, forest fires, mast, forest pnstm-e, damage 
■ to trees, '&c^- In the^^alzburg Forest Ordinance* of 1624, for 
' 'instance, dfrCctions ‘^^'vgiven regarding boundary marks. In 
a Ba^^hp^^drest or^anc^-^*’ 1668, the influe nce 'of the west 
■wind, oti'the’m’atu^’al regonSrayon'''Of'.ior^sts' is' referred to, and 

■ dcs Walafe’ Berlin, 36 . 
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directions nrc given to leave a iirotectivo bell of trees to the west 
of n fclling'ftrcn. 

In IGGo, the fnnious Orflonnaiicc tics forcts proposed by 
Colbert ^Yas sanctioned by Louis XIV., and amongst otbor 
improvements put an end to tbc grazing of sheep and goals in 
the French Grown forests. 


Hans von Carlowitz in 1713, in his classical work SylviciiUum 
Gl^conomica, which is chiefly devoted to sylviculture, describes 
several measures of forest protection, including a regulation 
made in 1G80 against caterpillars. 

As regards damage by game, Burgsdorf wrote in 170G con- 
cerning the peeling of bark bj* deer. At the commencement of 
the present century, the damage done to forests by game was 
very considerable ; in a battue held by King Frederick of 
Wilrtcmbcrg in 1812 in the beech-forests near Tubingen, 823 
deer and wild pigs were killed in 2 hours. Only since the 
eventful year 18-18 has damage by game to forests in Germany 
considerably diminished, and become more localised by the 
constitution of special parks for game. Such was tbc forest of 
Compieguo under Napoleon UI., whore all the forest revenues 
were absorbed by the cost of fencing the young woods, and 
where in 1870, several hundred red-deer and thousands of roes, 
besides much smaller game, were killed. 

In England, James the First was the first monarch who con- 
sidered forest trees of more importance than game ; he obtained 
much unpopularity by enclosing part of Windsor Forest, and 
put an end to the pollarding of maiden oak-trees, which were 
lopped in winter to enable the deer to browse ofl' the bark of tbo 
lopped branches. None but pollard oak have been lopped in 
this way since 1G08, and most of the hollow old oak jiollards 
in the Windsor Forest were in existence before that date. That 


King’s fondness* for knocking rabbits on the head with a stick 
would, however, be amply satisfied were ho now at Windsor, as 
rabbits have increased. in the most alarining manner during the 
last 20 years, and have destroj'ed- .tlm^yaluablc'Stmdergrowlh 
over large areas of the forest. _ render the rcprb(lj)clion of 
the trees ..excecditigly . difficult, and; expensive; .and alfogbthor 
nullify the proper' management of .thb;;la^igp*area of oalc. lorost 
* Hopvt-orlU Dixon, lib^dl'windsor.” * • - 
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planted for tho nation in 1816-25. Such \rholcsalc destruction 
of valuable woods b}' rabbits would not bo allowed in any other 
European Crown forest. 

Forest grazing was regulated in 1585 by the ordinance of 
Mansfeld, which prescribed a 5 years close season for all coppice 
woods with 12 years rotation. Grazing and , pannage, or tho 
eating of mast by pigs, in forests have greatly fallen oiF in 
importance of late years, but in earlier times these forest usages 
vied in importance with that of hunting. 

The gi-eat damage done to forests by insects was first noted in 
Germany in 1780, and between that date and 1830 several works 
on Forest Entomology appeared. That by Eatzebourg was 
published in 1837, and that by Altum in 1872. 

The engineer Br6montier proposed the fixing of the shifting 
sands on tho west coast of Franco in 1800, and a French law 
on that subject was passed in 1810. Oberforster von Kjopf did 
a similar service for Germany at about tho same time. 

The great damage done in 1856 by fioods in the Ehono 
Valley, induced the French to pass in 1860 a law for “ rchoisc- 
ment des montagnes" 

Forest fires were formerly of frequent occurrence in France 
and Germany, but are now looked upon as national calamities, 
and rarely allowed to extend over considerable areas. A 
special law against forest fires in Dauphiny wos passed in 1872, 
and revised in 1893. They are still prevalent on a large scale 
in Enssia and Greece, and in Nortli America. In British India, for 
the last 30 years, a steadily increasing success has been attained 
by the Government in its efforts to reduce the area of State 
forests burned annually, and 24,000 square miles of endangered 
State forests were successfully protected from fiin in 1893. 

The preservation of birds useful in forestry and agriculture 
has been furthered by the naturalists of different European 
countries and by the enactment of special laws. At the same 
time the British gamekeeper by indiscriminately destroying birds 
of prey and the smaller carnivora has allowed rabbits and wood- 
pigeona; to increase so enormously, as to become a veritable 
scourge to forestry pnd agriculture, to say nothing of even gi’eater 
danger 'from mice tfhd volesl 

Bastly, the reseafclieB'of.Willkomm'in 1866, and of Eobert 
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Hnrtig in 1874, bavo brought to light the ciiuscs of many diseases 
of forest trees which arc due to fungi. 

4. ArniAKOEMENT OF ^IaTEEI.VL. 

The measures to be taken bj* the owner for the pi’oteotion of 
his forests may ho arranged under the following heads : — 

Protection of the forests against man, animals, plants, atmo- 
spheric influences (frost, heat, wind, rain, hail, snow and rime) ; 
against extraordinary natural phenomena (inundations, ava- 
lanches, shifting sand and forest-fires) ; and against certain 
diseases the causes of which are doubtful, stagheadedness, and 
factory fumes. 

A detailed list of the headings are given at the commence- 
ment of this book. 

It will be noticed that some of the protective measures sug- 
gested in certain cases are conflicting; thus woods should be cut 
from west to oast in order to protect them against cutting east 
winds, but from oast to west, when liable to be thrown by strong 
westerly gales. Stumps must be extracted to prevent the breed- 
ing of certain insects, but should bo left on hill-sides, when 
there is danger of erosion. The forester will, however, have 
little difficulty in deciding, for any case, which is the greater 
danger, and will bear that chiefly in mind in protecting his 
woods. 

5. List of Soiekces on wnicu Fonnsx Protection is rased. 

Jurisprudence, chiefly as regards property and servitudes. 
Zoology, chiefly of game and forest insects. 

Botany chiefly physiological, and ^lycology. 

Physiography and Meteorology. 

Other branches of Forestry (S 3 dviculture, Forest Utilization, 
and Forest Policj'). ■ 

A knowledge cf forest legislation and of game laws nail also 
be useful. 



PAET I. 

PROTECTION OF FORESTS AGAINST SIAN. 


The damage which may be caused to forests by our fellow- 
creatures may be classified ns follows : — 

Injuries to forest boundaries. 

IiTcgularities in utilising forest produce. 

Theft of forest produce and damage to forests, or foj'cst 
offences. 

Excesses by holders of forest serntudes. 

It is the duty of the forester to maintain the boundaries of 
the forest entrusted to his care, to counteract irregularities in 
utilizing it, to prevent theft of forest produce and damage 
to the forest, and also excesses in the exercise of forest 
servitudes. 
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CHAPTER I. 

I 

PHOTEOTION OP FOREST BOUNDARIES.* 

A OLEARL'x defined and permanent demarcation of a forest 
stands in the first rank of the protective measures for forest 
property. It j)rotects the forest against fraud and damage, and 
affords security for all the details of forest management. 

The different points which require consideration under this 
heading are : — 


The various lands of forest boundaries. 

Settlement of 

do. 

'Demarcation of 

do. 

Survey of 

do. 

Description of 

do. 

Legalisation of 

do. 

Upkeep of 

do. 

Cost of 

do. 

Improvement of 

do. 


1. The Various Kinds op Forest Bound.vries. 

Boundaries are of two principal lands, property and ad- 
ministt'aiivc houndai'ies. 

By the term property boundaries is meant those of separate 
estates, or of portions of the same estate subject to servitudes. 

Property hotmdarics may be either external or may surround 
enclosures. Bonndai’ies of servitudes separate those parts of an 
estate which are affected by rights of third parties from those 
which are not so subject. 

Administrative boundaries may indicate : — 

Administrative units, such as beats, ranges, divisions, &c.,or. 
Working units, as cornpartmentis, periodic blocks, ?\’orkihg- 

sections, working-circles, &c;, • V:'. ’' . " ■ - 

'• ' •“ • ' 

' * Eding, H., Die Rcchtsvorhiiltutusedcs Waldos tAcnrlin, 1874. Kalkj j[., Dio 
SichoTung dor Forstgrenzon Eborswaldc, 1870. ■ ■' •’ »'• • 
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2.' Settlement or Boukdakies. 

The procedure for settling boundaries differs according as they 
are property or administrative boundaries. Administrative 
boundaries depend merely on the will and pleasure of the oAvner 
of the estate, . and the details regarding them are dealt with 
under Working-Plans. 

Property boundaries must be accurately defined. This is of 
the greatest importance to the owner and also to the puhlie, so 
as to prevent uncertainty, and urmecessary work for the executive 
and legal machinery of the State. Hence in all civilized coun- 
tries the procedure for settling property boundaries is laid down 
by law. Evidence as to the correct boundary consists in existing 



boundary pillars or traces of where they have been, statements 
of old people who know the boundaries, and boundary maps. 
The settlement is best done by a public surveyor, who may be 
either chosen by the parties concerned, the adjacent owners, or 
by the executive State or Local authority. 

During the boundary settlement the adjacent proprietors 
should be present personally, or by their legally appointed 
agents, and boundaries w’hich may be regulated in their absence 
after a formal summons to be present will bo held to hare been duly 
accepted by them. The surveyor should endeavour to lay down 
the boundary on the ground by friendly agreement between the 
parties ; if ho docs notl'auccccd, the competent law-courts or 
officials must decide disputed points. 

The' surveyor should fix the boundary lines as long and 
straight ns possible, m order to render the estates more valuable, 
and to keep down the cost of demarcating and maintaining the 




FOREST BOUNDARIES. 


9 


boundary. -This maxim should not, however, be carried too far, 
when by so doing, boundary points would be situated in im- 
passible places, such as swamps, &c. 

All boundary points which have been finally settled should 
at once be marked by durable posts, and by digging narrow 
trenches in the direction of the boundary lines (fig. 1), 
or in a circle round each post (fig. 2). During the progress 
of the boundary settlement, the surveyor should make a rough 
plan of the boundary line, and keep notes of the evidence 
brought before him. 


Fiq. 8. 



Partition of an island by tbe lino M M, mid-stream, between two adjacent owners, 
A and 3, into two parts A, B,. 


Fiq. 4. 



Partition of a Hrer-sjdo accretion C, by the line a 1) e. 

t 

3. DeMABOATION of BoUljpARIES. 

The demarcation of boundaries is efieelh^ by natural, artificial, 
or mixed boundaries. > 

Property boundaries require to be more 'permanently marked 
than administrative boundaries. - 
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(n) Natural Jionmhirics. 

Natural boundaries are : — 

"Watcr-parthigs, 

"Wator-courBos, 

Marked trees, &c. 

"With tbo exception of the first, nil these natural boundaries 
arc liable to changes. Streams frequcutlj' niter their course, and 
trees are liable to die or bo blown over or cut down. At the same 
time, w'hcrcvcr the course of a stream is fairly well fixed, ns in 
a deep vnllo}', such n iinturnl feature fonns a good and economical 
boundnr}’ between two properties. In the case of water-courses, 
midstream is genernlli' considered the boundary ns in fig. 5. 
Where deposits of now laud occur, they belong ns a rule to the pro- 
prietor who owns the shore along w’hich the}* occur. If several 

I 

Fio. 5. 



VTatcT-caurEc ^vith boutKlnrj’ luarks. 

oivners participate in the shore, the new boundaries are indicated 
by producing the original boundary lino thfough tho new accre- 
tion to tho water-side ns shoivn in fig. 4. In tho case of 
erosion and re-deposit, laws differ ; in some eases, tho owners can 
claim the area thus lost and re-deposited. In other cases, ns in 
certain parts of British India, new islands formed in tho middle 
of a river belong to tho State. Owners are allowed to prevent 
erosion by artificial works, fixing tho hanks, &c. It is not, 
however, permissible to induce deposits by artificial means. 

••For greater security natural boundary, lines may be marked 
by numbered marks similar to those described below for artificial 
boundaries. If -the nentre it)f!,',o stream is the boundary, the 
boundary. marks, are placed filtematSj^Vpn either side of it, 
as in< fig, 5, but only onfone side df it if the bank be the 
boundary. ‘x 
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(b) Artificial Boundaries. 

Artificial boundary lines consist of : — 

Roads, or lines of boundary marks. 

The line of a road may have to bo 'changed, especially at 
certain points to reduce too steep a gradient, and this may be an 
objection in some cases to a road as a permanent boundary, but 
a well alligned road forms an excellent and economical forest 
boundary, and facilitates the export of produce from the forests 
on either side of it. 

Lines of boundary marks may be demarcated by mounds of 
earth or stones ; by wooden or iron posts, masonry pillars, 
or cut stone blocks. All boundary marks should bo numbered 
consecutively, and the numbers on them painted black or 
white according to the colour of the marks. The marks for 
each separate forest property are usually numbered from north 
to west and by south to east, and on 
property boundary marks the initial 
letter of the owner’s name may be 
added. Every enclosure in a forest 
belonging to another owner than that 
of the forest should be surrounded 
by similarly numbered boundary 
marks. 

In case of any addition to a forest 
involving fresh boundary marks being 
interposed between two formerly 
existing marks, letters a, b, «Sso., may 2 
be added to the earlier number to 
denote their position. 

Eig. 6 shows the usual mode of i 
representing a line of boundary marks, 
on a map. 

The nature of the, boundaiy will differ according as thfe "ad- 
joining estate is woodland,’ or cleared for agriculture, -in' 4ihe 
former case, a strip of a certain I^e'adth inside' th'o' boundary 'liiay 
have to be kept clear.'of /forest g&\\'&. The choice' of the kind 
of boundary mark depends 'on dircumstaSices*, but kone or masbnry 
pillars are generally to, be preferred. In oases where 'a'rapid 


Fig. 6. 



Artificial boundary line. 
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demarcation is necessary, and cut stones or even 'bricks are not 
easily procurable, ns in some backward districts in India, conical 
mounds of earth or of stones, with posts in the centre, are 
sometimes used, at any rate until more permanent mai’ks can be 
supplied. 

In constructing such mounds, the post madb of heartwood only, 
and of the most durable timber available, is first planted in the 
soil, the portion in the gi'ound having been 
charred, or the whole post tarred so as to ensure 
greater durability. Bound the post two circles 
are then traced in the ground, and earth to be 
heaped up must be dug from beyond the outer 
circle and placed within the inner one. Other' 
wise the heap would soon settle down into 
the trench. The mounds may be made of 
stones if available, 
will correspond 
with the natural 
angle of repose 
for the class of ma- 
terial employed, 
and their height 
should be about 
four feet. Earthen 
mounds should 
be carefully pro- 
tected by placing 
sods on tbeir sur- 
face, Wooden 
posts without mounds may also be used as boundaiy marks, 
but they are then more liable to be tbroTO down by cattle, or 
wild animals, or to be removed. In either case the posts should 
bear current numbers, a very durable form being a cast iron 
plate, in which the number has been* cut out, or the numbers 
may bo paihled on the posts. ' ' 

Hess gives a useful kind of iron boundaiy mark as shown in 
fig* 7 . The lower and upper plates can be removed to facilitate 
transport. Stones are heaped on the lower plate after it has 
been put into the ground to the requited depth. 



The slope of the mounds 
Eio. S. 



Fio. 7. 
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The test of all boundary marks are generally hewn stones 
(fig. 8), or masonry pillars. The former may be prismatic, or 
rectangular with a rounded top. The lower portion to be placed 
in the ground should be left rough and be of larger bulk thn/n 
the cut portion, so as to ensure stability. 

A line should be out in the top of the pillar to show the direc- 
tion of the boundary, and serial numbers cut on one of its faces. 

Care should be taken to select durable material such as 
granite, basalt or quartzite for these stones. 

Where hewn stones are not available, pillars of brick and 
mortar masonry may be erected, a sufficient foundation being 
of course provided. 

The current number is carved on a small flat piece of 
stone or slate inserted in the sloping top of the pillar. This 
is greatly preferable to inserting the number on a pris- 
matic piece of atone let into the apex of the pillar, as is some- 
times done. Such pieces are easily loosened by boys engaged 
in tending cattle or sheep near the forest boundary. These 
pillars should be formed of cubes with a side of 2| to 8 feet, 
surmounted by a pyramid 6 to 9 inches high. 

It is customary in India to bury a quantity of charcoal under 
boundary pillars, so as to assist detection of any fraudulent change 
in their position. 

In all lines of boundary marks, one mark should be placed at 
each angle, and whenever two angular points of the boundary 
are too distant to be seen from one another, a sufficient number 
of intermediate pillars should be erected. 

If the boundary is merely a line, the pillars are placed along 
its centre, but if pillars are placed along a road, the middle of 
which forms the boundary, they should be alternately on either 
side of it. 

After bonndary lines have been laid out, their exact position 
may be more clearly defined by rows of trees, hedgej, fences 
ditches, walla or forest rides. ' • 

Roics of trees are injurious to neighbouring fieids by their 
shade and the spread of. their roots. Hedges are difficult to 
keep in order, and rarely answer Iheir purpose in keeping out 
cattle along a lengthy forest boundary. Fences are expensive, but 
their use is sometimes unavoidable where browsing by ’game, or 
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grnKUig is to Lo fcnrcd. Doliiils ns to tlic tllflnrcnt kinds of 
fences nro given in Schliclj’s Sylviculture, Vol. II., pnges 
12 - 20 . 

If'oWs inny be used wliorc stoiicf. enn bo collected on the spot, 
nnd where ditches are notpmcticnble on ncconnt of the steepness 
of the slopes. Such wnlls .‘•honld bo 1 3 ‘Hrd brood nt the Imso 
nnd from n height of 18 inches should grndunlly tnper olT to 
the top. The stones should bo j>lnet‘d with the thick end 
outside. Forest bonndnrj'' rides ns well ns houndnr^' innrks nro 
nccessniy* whoro two forests ndjnin. Unless the ride is also to 
he used ns n rond, n hrcndlh of 4 to 8 feet will sufilcc. xUong 


Fio. 0. Fio. 10. 


Fib. 12. Fin. 1». 



such rides it ma 5 ' ho ndvisnhlc to dig out all stumps, to 
prevent the growth of coppice-shoots, nnd tho gi'oiind may 
be roughly levelled and drained, and even narrow bridges 
erected, so as to convert tho ride into a bridlo-pnth to facilitate 
inspection. 

Boundary ditches (6gs. 9 to 13) give a clearly cut lino and 
prevent cncroncbmcnt by ploughing or grazing when tho forest 
boundary runs along a field or meadow. Such^ ditches can bo 
dug everywhere except on very stony ground ; they either run 
along the entire houndarj’ l^c from point to point or arc inter- 
mittent. In either ease they should stop a few feet fi'oni tho 
boundary marl;s. . / i 

The earth dug out of tho ditches should be placed on .the 
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forest side of tlio ditcli nnd a few feet from it (fig. 10), or in 
tbo case of intermittent ditclics it may bo placed between them 
as sbowii in fig. 13. 

Intermittent ditches (figs. 12 and IS) are usual on slopes 
to prevent the formation of ravines. 


Fir. 11. . I'lo- 



Fir. 10. 



Tcnii>1iitc or inoulcl-framo for rtitch. 


The’ section of tbo ditches depends on the nature of tbo soil, 
but is generally 2 — 21 foot wide at tbo top and 8 — 10 inches at 
the bottom and the same depth. The boundary lino may be tbo 
centre of tbo ditch, or one of its sides ; in the latter case the 


Fig. 18. 



Boundary-ditch servijng as a drain. 


ditch belongs to the proprietor oh.Avhos6 land the earth from it is 
thrown, which is generally towards the forest. Special kinds 
. of spades are used for ditching, as shown in figs. 14 and 15. 
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A wooden model of tlie ditcli-profile is also useful (fig. 16), 
and is termed template or mould-frame. 

In case the ditches are also used as drains, care must he 
taken not to allow the boundary marks to be undermined. Thus 
the arrangement shown in fig. 17 should he followed to protect 
the boundary marks ' from erosion, and not that shewn in 
fig. 18. 

4. Survey of Boundaries. 

The best survey is that carried out by the theodolite and a 
chain, or measuring staff, but for preliminary work a less 
accurate instrument, such as the plane-table or prismatic compass, 
will suffice. From the survey a boundary map should be drawn 
up, the usual scale of such maps being 18 or 86 inches to the 
mile in Germany. 

These maps should show : — 

All boundary marks with their numbers. 

The course of the boundary lines. 

The names of adjoining properties, and the nature of 
their cultivation, or otherwise. 

5. Description of Boundaries. 

This should be prepared in a tabular form, and should show : 

Name of forest and of proprietor. 

Names of adjoining estotes and of their proprietors. 

Current number and nature of boundary marks. 

Angle at each corner in degrees. 

Distance from one mark to the next. 

Direction of boundary line from mark to mark with reference 
either to that of the magnetic needle, or true north. 

Other remarks worth recording, such as crossing points 
of streams and roads, or reference to any permanent 
objects near the line, such as trigonometrical pillars, &c. 

6. LegaijIsation of Boundarieb. 

It is desirable to cause the boundary map and description to 
be recognized by the proper State authority, according to the • 
law in force. 
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7. Upkeep of Boundaries. 

The boundaries once laid down must bo maintained in good 
order ; the following measures being specially necessary : — 

(а) Periodic clearing of the boundary lino, so that one mark 
may be visible from the next. In case the boundary lino bo a 
road, bridle-path or ditch, repairs to those become necossaiy 
from time to time. 

(б) Periodic inspection of the lines by the forest oflicials, 
to whose charge definite lengths of boundary should be allotted 
according to their rank, and each official should from time to 
time submit reports to his superiors, on the condition of the 
boundaries. 

(c) Immediate repair of all defects in the marks, repainting 
fading numbers, etc., before any point becomes doubtful. Marks 
which may have been removed can only be replaced with the 
consent of both ow’nevs or by order of a Court of Law’. 

{d) Immediate report -of all tampering with established 
boundaries and prosecution of the offenders. 

8. Cost. 

The cost of erecting and maintaining forest boundaries should 
be divided between the adjacent ow’uers, unless there is any 
legal provision to the contrary. 

These costs vary so much according to circumstances, thot it 
is difficult to lay down any general estimates; the following 
figures may be considered approximate. One man can erect in 
one day an earth boundary mound 4 to 6 feet in diameter and 3 
to 4 feet high, and can sod about 3 to 6 such mounds, and repair 
from 6 to 9 of them. 

Hewn limestone boundary stones cost 2 to 3 shillings each, 
and 20 such stones can be carted by two horses. Iron boundary 
posts cost from Is. 6rf.- to 2s. 6d. each. 

In loam, a man can dig in one day 30 to 40 yards of 
boundary trench, 10 inches wide at the base, and of the same 
depth.- In light soils, the labour 'is from 10 to 16 per cent, 
heavier- 


VOL. IV. 


o 


PKOTECTION AGAINST JIAN. 


]S 


Boundaiy works are generally done by contract, and on tbe 
continent of Europe repairs to forest ditcbes are frequently 
executed by petty offenders in lieu of fines. 

9. iMPnOVEMENT OE BoUNDAIltES. 

Advantage should be taken of every opportunitj- to con- 
solidate forest property and thereby to improve its boundaries. 
This can be done by purchase, disposal or exchange of land, so 
as to out off inconvenient corners or narrow strips, to alienate 
detached pieces, or to acquire enclosures belonging to other 
proprietors. 

Some of the advantages of consolidation are : — 

(a) Greater facility for keeping the boundary line in order, 
and at a reduced cost. 

(&) Saving in protection expenses, in work of staff, and less 
liability to cases of misappropriation and damage by outsiders, 
especially in the case of danger from fire. 

(c) Increase in the productiveness of the forest. Fewer roads 
are required j damage is reduced, whether it is caused to the 
forest by frost, storms, etc. or to adjoining farm-land by over- 
hanging trees, or by game sheltering in the forest. 
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CHAPTER II. 

PHOTECTION or the forest against innEGULARITIES IN THE 
UTILIZATION OP FOREST PRODUCE. 

Section I. — Principal Produce. 

1. General Account of Damage done. 

The standing-crop or soil of n forest may be endangered 
during fellings and in the conversion and transport of timber in 
tbe following ways •; — By overfelling, bad felling, careless con- 
version or bad stacking of timber and firewood, and careless 
transport. 

The methods for fixing tbe annual yield of a forest are ex- 
plained under Working-Plans, and bow timber should be felled 
and converted under Forest Utilization ; here, only the pre- 
ventive measures necessary to obviate irrogularities will bo 
considered. 

Irregularities of wood-cutters, enrtmen, etc,, may be dealt 
with either by regulations made bj’- the forest owner, or by the 
forest laws of the country. 

In a general way, it should be noted that some damage must 
be done during fellings, conversion and transport, and it is only 
by experience that a forester learns how much damage is un- 
avoidable. Too stringent conditions should not be enforced on 
woodcutters or timber purchasers. 


3. Ocerfelling. 

All forest operations must be .carefully watched, and their 
results recorded, so that only the 'fixed yield prescribed by the 
working-plan is out annually. ‘ At the same time, at least in 

0 2 
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private forests, it may be advisable to rut moro than the fixed 
yield in seasons when the price of timber is oxccplioiinlly high, 
and reduce the fellings when it is low. 

In order to keep withtu the limits of the fixed annual yield, 
trees to bo felled should bo properly marked in accordance with 
adminislrativc rules, and after the fellings, the stumps of felled 
trees should bo oxnmined and connlcd in order to detect possible 
irregularities. In some cases, as in Coppicc-uith-.Stnndnrds. the 
trees to be reserved aro marked instead of those to be felled. 
The practice in France of marking such trees by cutting oil' a 
portion of the bark and stampiiig on them with a steel hammer 
give rise to attacks of fungi and defects in the wood at the 
base of the tree. 

In the case of large fcllmg-arens, it may be necessary to 
employ an extra forest-guard in addition to the guard of the beat 
to aupon-ise the woodmen, and when trees are sold standing, 
the purchaser may bo allowed to appoint a special guard with 
temporary police powers aud a badge of office. This necessity 
for special supervision applies to all the succeeding sections, 
refowiug both to the removal of iwincipal and minor produce. 

3. Jiatl Fellinr/, 

Measures for the prevention of mischief arc : — 

(«) Tlmploymcnt of competent and trustworthy woodcutters, 
and careful supervision of their work. It is generally advisable to 
employ the same men year after year, and to withdraw from the 
gang all those who fell badly, and encourage the best men by 
instruction and higher wages. 

(b) Cessation of the work during unfavournblo seasons or 
weather ; for instance, when tho trees are in sap, except whoro. 
bark is being harvested ; during absence of snow on the ground 
to break the fall of tho trees and spare natural rogcueration ; 
during scasons-of hard frost, when the stems may ho hrokeii, or 
during strong winds, ^wben the direction of the fall of tho trees is 
uncertain. In northern India, fellings arc frequently stopped 
during the hot dry months of May and June, from fear of forest 
fires which. 'may bo caused by 'tho workroeu. 

(c) Avoidance of damage to seed'benrihg trees in regeneration 
iellings, and to standards. 
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id) vThiwing trees on to bare spots and not amongst young 
growth. 

(c) Removal of branches and crowns of trees before felling, 
to prevent the trees from crushing valuable undergrowth. 

if) Preservation of young growth during the removal of 
stumps, and putting earth into holes thus caused to prevent 
their being filled with water. 

ig) Careful felling of coppice with shai-p instruments and 
with a clean and sloping cut. 

ih) Leaving stools on steep slopes where erosion is to be 
feared, and also on shifting sands. 

(i) Avoidance of throwing felled trees on to rooks, stones or 
other stems ; felling uphill or sideways so that there may be 
a minimum of breakage. 

ij) Tropical woody climbers should be cut two years before a 
felling is to take place, as otherwise they bind trees together, and 
the fall of any tree may involve that of a group of surrounding 
ones. The soft-wooded climbers, however, rot in about two 
years’ time. 

ik) Trees are sometimes, as in the case of teak in Burma, 
girdled two or three years before being felled, so that the wood 
may dry and lose weight, and become floatable. Care must 
be taken that this is not done to trees liable after girdling to be 
bored by insects. 


4. Careless Conversion. 

Here may be mentioned : — 

(rt) Quick conversion and removal of felled trees, especially in 
the case of natural regeneration and in coppice ; protection of 
young growth in both cases. 

ib) Use of the saw instead of the axe to prevent waste. 

(c) Quick removal of bark to prevent insect-attacks. 
id) Repairs of any damage done to young plants, which, if of 
broad-leaved species, may, when injured, be cut back close to the 
ground so as to get a strong regrowth. Otherwise, replaintiha' 
must be effected with steong transplants after the/ fellino--area 
has been cleared. 
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5. Bad Siacldng of Timber and Fircirood. 

I 

Employ specinlly trnined men for .stnckiiig fircn'ood, ns 
ordinary woodcutters gonernlly slack loosolj’. 

Stacking should he done on blanks, or along the edges of 
felling-areas, on roadsides. See. 

Withes for binding up faggots should ho cut from suppressed 
stems, or taken from cleanings or special idnntatious. 

6. Careless Transjiort of Timber and Firewood. 

Attend to the timely construction and repairs of the ncccssarj* 
roads, slides, etc., which should bo ready when the fellings 
commence. 

Remove material from the fclling-arcn at favourable seasons, 
when snow is on the ground ; not in hard frosts, nor when the 
trees arc in sap and the bark of standing trees is easily abraded 
by the wheels of the carts, etc. 

Avoid damaging methods, such ns rolling, etc., among young 
growth. 

Fix a period during which the material must bo removod, 
say from November of ono year to the end of winter in 
the next, so that the ground may be cleared in time for the 
spring-growth of the second year. At tho cud of this period, all 
injured plants should be cut-back, blanks plnutcd-up, and all 
ruts on temporary cart-tracks filled-in. 

Certain rules should bo made for tlic protection of roads and 
other means of transport. Theso arc, that new roads should 
not be used until the earth has settled, and they have, if 
possible, been macadamised. Notices closing roads under con- 
struction or repair should be posted up, and bars put nci'oss 
such roads. Dragging along ordinai-y roads should be disallowed. 

All transport should be carefully supen-ised, if necessary, by 
extra forest guards. - , 

Section H. — ^Xmiegulahities in utilizing MiNon Fouest 

PnODUCE. 

1. General Account if JDamaf/c done. 

"Whenever the minor produce is loss important than the 
principal produce of a forest, it should be harvested in such a 
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■vvay as not to endanger or diminish the supply of the latter. 
The following are the chief items of minor forest produce : — 
Barh, turpentine, resin and gums, leaves, fruits of forest trees, 
dead hrancli-wood, grass and herbage, litter, stones, gravel, sand 
and earth, peat, forest cultivation of cereals, berries, edible fungi, 
game, fish, wild honey aiid wax, etc., etc. 

2. Bark. 

Bark is chiefly used for tanning, or for dyes, but the bark of 
certain species, such as the paper-mulbeny (Broussonctia 
ji)apynfcra), may he made into paper-pulp, or, as in the case of 
Betula Bhojpati-a in India, into hats and umhi’ellas. The inner 
hark of the lime and of many tropical trees is used for I'ope- 
making or mats. 

In the case of oak-hark used for tanning, the following rules 
should he observed : — 

(a) Secure a clean and slanting cut of the stems in order to 
protect the stools against moisture. 

(&) Prevent any tearing of bark from the stool, by maldng a 
clean cut near the ground, before the bark is peeled from standing 
poles. 

(c) Bemovc peeled stems expeditiously, so that the new 
shoots may haj'den before early frosts occur. 

(d) Carefully stack and quickly dry the bark, so as to avoid 
loss of tannin by rain, and ensure rapid clearance of the felling- 
area. 

"SYberever bark is used for any of the other purposes above 
referred to, similar rules, modified for the species in question, 
should be observed. 

3- Turpentine, Resin and Gums. 

The present chief sources of the supply of turpentine and 
resin are the pitch pine (P. australis) arid other pine-trees in 
the Southern States of North America, and the cluster pine 
{Pinus l^inastcr) forests in the west of France. Tapj)ings for 
turpentine and resin on a moderate scale have, however, been 
started in the forests of the long-needled and blue pines of 
the Himalayas (P. hngifulia and cxeclsa). Some turpentine is 
still obtained from the spruce in' Germany and the north of 
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Europe, but as this tree only yields it in small quantities and 
the process of tapping it is extremely injurious to spruce timber, 
its tapping should be absolutely prohibited. 

The folloTving remarks, iherefore, only apply to species of 
pine which yield turpentine abundantly, and to the extraction of 
gums and caoutchouc from several species of trees in hot 
countries. 

(a) Lessees of turpentine or gum must be pecuniarily respon- 
sible for all damage done in forests by their workmen. 

(b) Tapping should generally be confined either to trees 
like the Ficus elastica, which are hardly of any value except 
for the gum they yield, or to trees too remote from means 
of transport for their timber to be of any marketable value 
as compared with the value of the turpentine or gum which 
may be extracted fi'om them. In other cases, it should be 
confined to trees which will be felled for timber within a period 
of from ten to twenty years, as when young trees are tapped 
no considerable increment of growth may be expected. For 
the same reason the best shaped and most promising trees 
should not be tapped. 

In seeding-fellings, a certain number of the seed-bearers 
should remain untapped, as tapping is prejudicial to both the 
quantity and quality of the seed. 

(c) Eules regarding the size and number of cuts and the depth 
of cut to be made in each tree will vary with the species, and are 
given in detail under Forest Utilization. In tapping pines for 
resin, there should not he more than two points of attack, unless 
it is intended to kill the tree, when as many as six may be 
opened. There should be from 8 to 12 inches between each 
cut, and the cuts should not be more than 2 inches broad and 
in one year only about 3 feet long. 

(d) Tapping must be intermittent, so as to allow recovery of the 
trees before a fresh tapping is allowed, unless it is intended to 
tap the tree to death before felling it. The intezwal between 
successive tappings will of course .vary with the species in 
question. In Europe, all tapping should cease with the first 
early frost in .August or September, and not be resumed till the 
spring. 

(c) Tapping should rarely ho atteiUpted on poor soils. 
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•1. Leaves and Jimnehes of Forest Trees. 

Leaves of forest trees are used for fodder^ mamirc, thatchinff, 
tanninp, dyes, &c. Lenf-fodder is extensively used for cattle in 
countries where sufficient grass is not available, as in the 
centre and south of France, where hedge-row oaks are annually 
pollarded for this purpose. A similar practice prevails in the 
Himalayan districts of India during winter, evergreen oaks, 
elms and species of CcUis, Primus, &c., being thus utilized. 
During the season of rest, leaves of evergreen trees are rich in 
reserve nutrient material, and afford valuable fodder. In seasons 
of drought in Central aud Western Europe, ns in 1893, loaf- 
fodder from hornbeam and other deciduous trees is also exten- 
sively used instead of grass. 

In the north of India, camels, buffalos and elephants arc 
chiefly fed on branches and leaves of trees during the cold and 
dry seasons. Oaks and other forest trees wore also formerly ex- 
tensively pollarded in European deer-forests to afford fodder for 
the deer, which ate the bark of these branches when the ground 
was covered with snow. 

The important points where the use of lenf-fodder prevails are: 
to allow trees to be lopped only after the principal growth of the 
year is over, to restrict lopping, ns much as possible, to inferior 
species of little or no value as timber trees, and to prevent the 
lopping of trees until they have attained a certain size. Wher- 
ever the restriction is practicable, only side-shoots should be 
lopped and the leaders spared, and the trees lopped only every 
third year. In forests, lopping should, if possible, bo restricted 
to compartments which will be shortly cut over. 

Where the demands for leaf-fodder are large and cannot other- 
wise be mot, a regular system of pollarding should bo intro- 
duced, with a fixed rotation, the length of which will bo decided 
by local experience. 

In India and other hot' countries, the foliage of woody 
climbers may be used for leaf-fodder to the actual benefit 
of the forests. In oertain ports of India, green branches and 
leaves of trees are used to iinaiinre the rice-fields, under the 
term of rah ; this subject-will be' referred to again under the 
heading Forest Servitudes. In hot countries, leaves of various 
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forest species are used for tanning, dyes, drugs, hafrand unabrelln 
making, plates, and for feeding silkworms. The last is a very im- 
portant and valuable iudustr}', and tbo trees utilized are generally 
of muck less value for timber than for their leaves, and therefore 
rules should bo made which will afford the greatest possible 
quantity of leaves at the time required, and in a way most easily 
accessible to the silk producers. Thus pure coppice is adopted 
with very short rotations, even of one j’ear in the case of the 
mulberry in Bengal. As regards the other demands for leaves, 
forest officers would do well not to be pedantic in stopping in- 
dustries dependent on their forests which can be supplied 
without serious injury to the trees by the exorcise of a little 
ingenuity and suitable control. 

5. Fruits of Forest Trees. 

Fruits of forest trees arc collected for sowing ; for the food 
of men or animals; for extracting oil, dyes, tannin, &c., or 
they may bo eaten on the ground in the forest by' swine 
(pannage), or by deer. The rules for the protection of the 
forest are as follows : — 

A. Collection Iby Hand. 

Where regeneration by seed is expected, or whei-e swine or 
deer are to be fed in a forest, fruits should not be collected 
tor other purposes. 

All injuries to the trees during the collection of the seed 
must be strictly forbidden. These are ; beating trees with axes ; 
dragging down fi-uit-ladeh branches ; use of climbing irons, &c. 
The bad effects of the latter on the quality of the w'ood may be 
seen from fig. 19, each wound made by the iron introducing 
decay into the timber. Smooth-barked species snob as beech 
and Weymouth pine suffer most in this way. 

The work must be stopped during frost, when the branches 
are easily broken. 

B. Pannage. 

Pannage, or the feeding of swine on the mast of a forest, con- 
sisting of fallen acorns, beech-nuts, chestnuts, &e., was formerly 
a very important industry, but is now becoming less frequent 
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, ^ Vnrmii. It Still prevails in Epping Forest, 

{a) Enliiig-»1' "'“S'' ''',“',‘!,"’lLnVta"oirKcnk atoms, nbrmliiig 

(6) T;i>rooH..gyom.gpl«nls,l..onUn„oll^^^^^^ 

tbo talk off polos, nml e^mf-VS ™' » , , 'J i„ „,tut«l 

tomst ipooios. Alt tW j„..ns "oods, oo 

tcscoomlion-folltags, mid m tlumirags m J 
loose simdy ov slmlloiv soils, oi. stool, slopes, do. 


Fic. 19 . 



(n) Points o£ injury. .vounds 

iSS“S';SS!wi.2^''S 

Swino sto osoW to forests in Vko l»opoo“tion of the sml 
• for seed, by removing the covering of dcat ^ 

posing tbo mineral soil, nnd'by burying acorns an 
also by trampling dead leaves into tbe soil, w ic i is „ei.tain 

in places exposed to ivinds'; and by destroying mice and ceitam 

insects hibernating or moving in tbo soil-covering. 
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The i>rotoctive rules for piiniingo are : — 

(fl) Exclusion from the following plneot' : Sccfliug-fcllings ; 
ilr 3 * loose soils in the case of swine driven in to feed exolnsivelj* 
on fungi, worms, insects, *fcc. ; places where the mast is reserved 
for deer or wild-pigs. 

{,h) Compart ineiits opened for pannage should as iicarlj* as 
possible adjoin one another, so that the swine ma\' not wander 
uselessly through tlio forest. They should not bo allowed to 
remain long in c«)mpurlments without mast, <is they then 
proceed to bark the trees. 

(e) The place where the swine pass the nighi should bo care- 
fully selected. In such places scareclj' a root escapes injury. 

(d) The number of swine to bo allowed in a forest must depend 
on the quantitj" of mast available. Each full-grown animal 
requires from two-aud-a-half to scven-and-a-hnlf acres of forest. 

(<■) Limitation of pannage to the period of the j'car from 
the middle of October till tbe end of tTaunar^'. It should not 
commence till sufliciont mast lias fallen, ns otberwiso the 
swine become thin from niticb wandering about, are not easily 
kept together, and do much mischief. On the other Land, it 
must cease when the mast is no longer snlHciontlj* plcntifnl, and 
it is in the spring that the greatest damage is done hj' peeling 
the hark and roots. During the ufternmst, after Christmas, 
the acorns become more digestible, and are spccinllj' suitable 
for breediug-auimnls. 

{f) Tho admission of swine into n forest should oulj' be on 
condition that thej' arc pcrfectlj' honlthj’, and guarded hjr 
trustworthy swineherds ; two hundred swine for each man, and 
an assistant for ovoiy hundred additional swine. 

((/) Tho on-ners of the swine should bo made collectively 
responsible for all damage which may bo done to tho forest. In 
Epping Forest all swine admitted to jiannago are ringed, 

6. Grass and Herbage. 

t 

Grass and herbage, diy ferns, heather, &c., maj' either ho cut 
and removed from tho forest 'and. MSed. for fodder, or litter for 
cattle, or, with the exception ’ of ferns, may be utilized on 

the spot as pasture by grazing animals.. 
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Grass-outtinE. 

e or to forni iliatcliing 

e^oeinlly bracken, arc 

material, papcr-inilp, &c. . iliatclimg. 

largely used for litter, aiul hcatlici lor 

The protective rules arc ^ 

( 1 ) Limitation to persons u 110 ^ rule, on certain 

from tlic forest manager, ’ supervise the cutting, 

fixed days, wlicu the forest towethor cutting herbage in 

men a nnnrbcr of l»o,, b reaponaiblo tor any 

the forest, they should he neia 

damage ivhich may he done. , a moist fertile soil, 

(2) Restriction of cutting o l constituents of the 

which can hoar the removal of “ between whieh 

grass, &c. Ill such pieces. 1” A i, than natural regenera- 

grass can easily be cut is protect young plants 

tion. In some cases, hoathei a intact. High 

from frost and insolation aiic further on, greatlj- 

grass, on the contrary, es m f..ogt and the drying-up o 
increases radiation, the ^ '^ently more advantageous 

the soil by the sun, so that 'Y^isofmiiishes additional security 
to have itremoved. Its removal alsoim 

against forest fires. , permitted amongst young 

(S) The use of scythes shoul p^^gd up by 

growth, where grass ^Lould |ic ou ^ ]:hiirpa^ 

hand. Li India, a fiat 0 "^"^ ^ rhizomes of the 

frequently used by grass-cuttMS to 1 ^^^uld not be 

grass, which are highly Zs. in older plantations, but 

allowed in forests, _„o^, zone of grass round each 

on the condition of leaving a nau &c., there need be 

plant. On rides, extensive blank , grass-cutting. 

no restriction as regards the up after forests have 

(4) In hot countries, grass wh paper-material than 

.U. W,^£uvm»be. better 4 

rrien oat from nnbnmea fore forests andor Are 

decayed grass, dead n with advantage from o 

protection, grass can fOn y ’ .g out every year, 

roads, fire-traces or blanivs wh>cn 
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23. Forest Pnsturo.* 

(1) General ^lecoinif. 

Forest j^mstnre, except in inotiiitninons district*!, M’here the 
nven of cultivable land is verj’ limited, is no loutrer so important 
jis fonnorlj*; cultiY)itor.s object to tlieir entile boeoniiiig tbin 
and wiry in roaming about the forests, to their cows yielding 
loss milk Ilian when kept at home, to the loss of valuublo manure, 
and to the increased danger from disease. 

In backward countries, however, forest pasture is still pre- 
valent, and it is therefore necessary to draw up rules for its 
exorcise with the least possible Amount of injury to forests, ns, 
when unrestricted, it is incompatible with the oxistenco of 
forests. To n certain extent, however, .some good may bo done 
to forests by cattle, by keeping down a rank growth of grass and 
herbage, which interferes with reproduction, and h}* break- 
ing through and scattering the dense layer of needles in coni- 
ferous forests, and exposing the mineral soil for the roots of . 
seedlings. Browsing on advance-growth of siibsidinry species, 
or softwoods which it is dosirnhle to keep in check in favour of 
more valuable species, may also bo somolimes useful.i’ 

The damage done to forests by tlio grazing and browsing of 
domestic animals extends to the soil, especially on slopes, and 
standing-crop ; to the roads and other means of communication, 
and the boundaries, ditches, fences, itc. 

The soil of a forest sailers chemically, becoming impoverished 
in potash, phosphorus, and nitrogen, by the removal of the grass ; 
and physically, becoming hardened owing to the tread of tho 
grazing animals, and tho consequent insuflicicut aeration 
of tho humus in process of formation. The woods are injured 
by the animals browsing on young plants ; biting-oif buds, 
leaves, and shoots ; broaking-off coppice-shoots and gnawing the 
hark of trees ; trampling on, bending down and brenliing young 
growth ; exposing and destroying roots, lScc. • . 

•i 

* Hwjjdeslingon, ,T. C., Dio WoUweiclo u. Wnldstrcu : Tobingen, 1S30. 

111 Forest Utilization, p. 137, Felrfanilcz st,»tc'. that coats arc iiscrnltlti 
rcgoiieration in luntnro arahiea {fmbul) forests. When tlio poiis are falling,— .i ^ 

the seeds swttlloived hy tho' goats and. excreted germinate without delay, whilst! 
other sccds^ require nt least a whole year to sprout, during which they ni o exposed »V. 
to destniction, chiefly hy insects. ’* •, 
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Eoads, ditches, slopes, hedges, and fences, are especially 
liable to injury by grazing animals. 

The extent of the damage done by grazing depends on a 
number of factors. Among the chief of these are : — Species of 
tree, age of tree; system of management, nature of locality, 
species of grazing animal, number of animals, season of the 
year, state of the weather. The amount of damage varies 
greatly according to circumstances. Thus Hundeshagen 
estimates the ordinary loss of increment due to cattle-grazing 
at one- tenth. Krain states that goats in 15- to 85-years-old 

spruce, Scotch pines and hornbeams prevent almost any growth 
from taldng place. 

(2) According to Sjtecies of Tree. 

Broad-leaved species are more exposed than conifers, but re- 
cover more readily from browsing than the latter. Most exposed 
to damage are : ash, maples, hornbeam, beech. Next to 
them : lime, sallow, and poplars. Less still : oaks, elms, 
Pyras sp. Least of all: birch, alder, horse-chestnut and 
robinia. 

Of conifers, the silver-fir suffers most, then larch, the dif- 
ferent species of pine, and the spruce. 

The above scale is drawn-up chiefly as regards horned cattle, 
but if we consider the preferences shown by other grazing 
animals, it should be noted that — ^horses prefer oak-foliage and 
avoid that of the lime ; sheep appear to prefer light-demanding 
species, even the birch and Scotch pine; young lambs, the leaves 
of robinia; goats are not particular, and even browse on the 
poisonous yew without injury, in India, however, they succumb 
to the foliage of Phododendron campanulatum. 

Another peculiarity of horned cattle is to prefer plants intro- 
duced into pure woods, such as ash or hornbeam in beech 
forests, or exotics planted among native woods. 

.The vegetable monstrosities resulting from browsing are very 
staking to the eye ; rounded bushes, which sometimes broaden 
out bill some leading shoots in ^eir centre escape and grow into 
trees, are frequent eyesores wherever forest grazing is practised. 

' * Encyclopudie dev FovstvvlsseDScliaft. I. Fovstliche Productjonslehre, 3 Aufl 
Tubingen, 1&35, p. 512. 
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Shfillow-rootcd plnnts sticli ns tlio spruce, in spring, suffer 
most from the tread of the iiuimnla. 

(3) A(ie nf Tree. 

Young plnnts suffer most. In older woods, without under- 
growth, the chief injury is doiio by the hardening of the soil 
owing to the tread of the aiiimals. The trees suffer from 
broAvsing until the folinge is beyond the rcnch of the animals, 
and the ago atAvhich this happens depends on the rate of growth, 
the conditions of the locality and the kind of animal. 

(4) SuHtcm of 

In the ease of the Selection si/a/ciu, grazing is most dangerous; 
then come in descending order of danger ; Group sjystfHJ, 
Coppic’-ieith-Stanthmltt, Coppice, Shclter-teood Comportment 
and Clcnr^cuUiug m/stauit. PoUanlinQ is the most favourable 
system to adopt on land open to grazing, ns young pollard- 
shoots are out of the reach of the cattle ; pollards are re- . 
generated by planting taller transplants, or cuttings, than in 
other systems, and the plants should at first be securely fenced 
against cattle, w'hich might injure them by rubbing against them, 
or gnawing their bark. The uneven-nged systems of High Forest, 
such as the Selection and Group systems, suffer most of all, as 
ill the former, young groivth is scattered all over the forest, and 
in the latter, it is senttered in patches over very large areas. 
If grazing be allowed under the Selection system, regeneration 
can usually bo effected only by fencing-in patches of gi-ouiid 
Avhere largo trees have been felled, and planting them with 
strong transplants, Avhich will be out of the reach of the cattle 
by the time the fences are no longer effectual. 

Coppicc-Avith-stnndards suffers moi-o than pure coppice, on 
acbount of the necessity for preserving numerous seedling plants 
to replace the standards ns they are felled. Coppice suffers 
more than even-aged High Forest, because stool-sboots branch 
out lower, and are less firmly rooted than High Forest poles ; 
in the even-aged systems of High, Forest all pole-woods can bo 
opened to cattle without much danger. In regular plantations, 
damage done by grazing is less than iu irz-egular artificial, or 
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natural reproduction, and planting in lines somewhat far apart 
in one, direction is most favourable, as the cattle can readily 
graze between the rows. It has also been observed in grazed 
forests in hill-tracts, that mounil-planting gives better results 
than pit-planting. 

(5) Localittf. 

On moist and fertile soil, the damage done by grazing is 
minimised, because a strong growth of herbage generall}' 
springs up on such localities, and the cattle have less inclination 
to attack woody growth, moreover the trees grow faster, 
and are sooner out of their reach. Binding or heavy soil 
becomes all the more compact by the tread of the animals, 
and less susceptible to the entrance of air and water, and 
the roots lying immediately below the soil-covering are ex- 
posed to damage. Very loose soil becomes still looser from 
the tread of cattle, as they destroy the herbage which binds 
the soil together. The greatest damage by grazing animals is 
on shifting sands. 

On level ground, damage is less than among hills, where it is 
increased if the soil be loose, or the slopes steep ; very wet 
slopes are also endangered by the sliding of the feet of the 
cattle. The steeper a slope, up to a certain point, the more 
erosion is caused ; larger plants are also I’eached by cattle from 
above, on slopes, than on level ground, and the damage by 
browsing, bending and breaking is greater. 

Scantily wooded, dry, hot aspects are obviously unsuited for 
grazing. 

(6) Density of Forest Growth. 

In dense woods, little or no grass is to be found, so that 
more damage is done to woody growth than in more open 
forests, where herbage grows under the trees. 

. (7) Species of Grazing Animal. 

Among European animals, fonts show the greatest preference 
'for w'oody plants, and their mode of feeding is most injurious. 
They even devour woody plants when there is plenty of herbace 

VOL. IV. -n 
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nrailahlc^ mid bont doivii Bnplings with their forelegs till they 
can rcoch the lending shoots^ on which they browse ; they can 
thus roach plants 12 feet in height. They also peel the baric 
from stems in siiring. Their constant movement on the steepest 
slopes is another great source of damage. To take some 
out of many instances of the destruction of forests by goats ; — 
In the Tyrol and southern Switzerland, and in the llimnla 3 'ns, 
fine forests have boon completoh’ destroyed by them, and 
in Ajmere and ^lorwarn, whole hilhsidcs where vegetation 
once ilonrished linve been laid almost bare, with nothing left 
but deformed, Ihorny^ shrubs. In Franco, since IGGo, goats 
have been excluded from all forests managed by the State 
Forest Department, and no legal right con bo enforced to graze 
goats in private forests, ns the grazing of these animals is 
considered incompatible with the maintenance of the under- 
wood. 

The sheep is less injurious than the goat, holding its head 
low, aud preferring grass, but sheep brousc freely on woody 
plants, and injure forest soil and the roots of shallow-rooted 
species bj' their short tread and sharp feet. 

Horned cattle generally confine themselves to grass and 
herbage, and onlj' attack wood 3 ' plants in the absence or 
scarcitj' of the foimer. O’he buifalo in India is, however, 
frequently fed during the cold season by ]opi>ings of evergreen 
or winter-green trees. Cattle do much injury to forest soil, 
slopes, roads, and ditches owing to their weight and size, and 
also break down seedlings and saplings; these injuries are 
aggravated in tho case of the buffalo, which is a heavier animal 
than common cattle. Oxen nro more destructive than cows, 
and young beasts nro worse than older ones, as they gnaw 
woody growth, partly out of pure mischief and par% to develop 
the formation of their teeth, and are much more active. 

Horses can reach higher, and are fonder of leaf-fodder than 
cattle, and do much damage to roots by their tread. Foals 
occasionally peel the bark from trees. 

Camels eat almost everything that grows within their reach, 
to a considcrahlo height, and can feed readily on thorny species 
owing to their hard mouths. Much damage has been done to 
forest growth in Northern and Central India by camels. 
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Elcplianis arc chiefly feel by lopiJings from species of Ficttn 
and other trees, as well as on grass and herbage, but tho 
number of tame elephants admitted to a forest is limited, and 
their browsing can bo easily controlled. Wild elephants are 
very destructive in bamboo forests. 

The relative damage done to forests by European grazing 
animals has been estimated as follows bj' Hundesbagen : — 


Horse’s foal . . . 150 

Horse ..... 100 
Young cattle . . .75 

Old cattle . . . . 50 

Goat ..... 25 

Sheep 15 


This list is drawn up on the understanding that the animals 
are freely grazing in forests where the crowns of the trees 
have grorni beyond tbeir reach. The fact that the goat is only 
estimated to do a quarter the damage of the horse does not 
controvert the former statement of its being relatively to its 
size the most harmful beast, for its weight is only about 
l-14th of that of the horse. 

(8) Niimhcr of Cattle admitted to the Forest. 

The number of cattle admitted to graze in a forest must be 
regulated by tho species and amount of herbage available ; it 
should be so fixed that the latter is suiBcient to nourish the 
cattle, or else they are certain to attack the trees. 

Hundesbagen has calculated for tho complete nourishment of 
large milch; cattle for the whole summer, night and day, that 
10 to 12^ acres of good pasture is required ; for merely grazing 
by day, 2^ — 5 acres, and ho reckons 2 to 3 j'oung cattle or 10 
sheep as equivalent to one head of full-grown cattle. He esti- 
mates for their daily requirements, 18 — 20 lbs. of hay for a cow 
weighing four hundredweight, 10 to 12i lbs. per head of young 
cattle, and 1-1 — 2 lbs. for a sheep. 

(9) Season of the Year, 

In Europe the greatest amount of damage is done to 
forests by grazing in the spring, when the young leaves and 
shoots are most tempting and the herbage scanty. The strong 

D 2 
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appetite nud restlessness of the hensts after the long -winter 
stalling has also to be considered. The least damage is done 
in the autumn, but ns the grass at that season is bard and 
unnutritious, forest'pnstnre is cbicfl}’^ used tvbcn tbc herbage is 
best and most plentiful, from tbo end of May till the middle of 
July. 

In the 2 >lftius and lower hills of extra-tropical India, forest 
grazing is chiefly confined to tbc cold and dry seasons, but 
varies -with localities. 

In the Himalayas, grazing is carried on in the U 2 ipcr forests 
from 8,000 to 10,000 feet above’ sea-level, between Maj* and 
September, the animals coming down below the snow-level in 
the cold season. 


(10) State of the Weather. 

During very dry or very wet weather, or in the morning, 
while hoa-vy dew is on the ground, cattle prefer the leaves of 
trees to herbage. The damage done to the roots of trees by 
the tread of cattle is also greatest in wot -n'cathcr. 

(11) Other Considerations. 

Milch cattle require the best grazing grounds, and those 
nearest to the villages; then come young cattle. Beasts of 
draught can go further and put up with inferior pasture. Sheep 
can go farthest of all. 

Horned cattle and espcciall}' buffaloes like moist pastures, and 
the latter will eat verj’ coarse herbage. Horses prefer short 
grass on old roads to that gi*own on loose forest soil. Sheep 
prefer even drier herbage, in elevated lands exposed to full 
light, such as heather-land, and are very liable to disease if fed 
on moister lands. ' 

Homed cattle will not graze readily after sheep, and attack 
woody growth in preference to grass where sheep have been 
grazing. 

Cattle accustomed to forest grazing do more damage than 
others which seldom come into the forest. Less damage is 
done when the herds are kept well together, and this is most 
difScult to secure in the case of goatS; 
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When one conaulers nil the various circumstnncos which 
affect the damage done by grazing, it is not surprising that 
practical foresters should differ greatly in their estimates of its 
amount in different cases. Whilst a forester having coppicc- 
with-standards to deal with may consider the amount of damage 
done ns verj’ considerable, another in charge of spruce forest 
under the clear-cutting system may look upon it ns quite 
trilling. 

It is, however, clear that from the experience of grazing in so 
many mountain forests in the Hartz, Black Forest, &c., where 
thousands of head of cattle have grazed for centuries, and the 
forests ai’C still ffourishiug, that Avoll-rcgulated forest grazing 
may be admitted wherever its necessity for the welfare of the 
people is very pressing ; a great resource in times of drought 
may also bo secured te the people bj' opening portions of State 
and other forests for pasture at such seasons. ' 

Under certain circumstances, where the ground under a 
seeding-felling is covered with tall herbage, or a dense mass of 
dead leaves and moss, temporary driving-in of cattle may prove 
useful, and also in the case of a xdaguo of mice, or of insects, 
when their larvaj or puiJte are on the ground. 

(12) Proieciire Measures, 

The regulation of forest pasture may be considered under the 
headings : close-time, ai’rangement of gi-azing areas, duration 
of grazing, species of animal, number of animals, control, and 
protective staff. 


(a) Close-time. 

Close-time is the period during which a wood should not be 
opened to grazing. It commences with the regonoratiou of the 
wood, and terminates when the young trees can no longer be 
reached by the animals, in the pole stage. The length of the 
close-time depends on the species of tree, the system of manao-e- 
ment, the circumstances of the locality, and the kind of grazing 
animal. 

Broad-leaved species, especially slow-growing ones, require 
a longer close-time than, conifers; high forests, a longer 
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close-time than coppice. In the case of mixed woods; the 
length of the close-time -will depend on the most endangered 
species. 

On poor soil, in exposed places, longer close-periods are 
req[uired than for good soils, sheltered positions, and mild 
climates, since trees then grow faster. Sheep can he driven 
into a forest earlier than cattle or horses. 

The calculation of the open area in a forest is given in the 
follo\ving formula : — 

Let P = area of forest, 
f = closed area, 
fi = F — / = open area, 
s = close-time, 
r = rotation of forest. 

Then,/=F - . . . . . .1. 

V 


/,=E-/=r(i- 0 -F(!::^)... n. 

For example, a foi'est of 1,000 acres area, with a rotation of 
100 years, and a close-time of 25 years : 

The closed area 
The open area 

Speaking generally, according to Gr. L. Hortig, the following 
areas should he closed ; — 

Broad-leaved forest . . . i to 

Coniferous do. . . . ^ to 

Coppice do. , . . ^ to 5 , 

According to Hundesliagen, ^^e dose-time should' be as 
follows : — 


= 1000 


25 

100 


= 250 acres. 


= 1000 =750 acres. 

100 
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System of Management. 


Species 

of 

Cattle. 

t 

Broad-lcavod 
nigh Forest. 

Coniferous 

Forest. 

. 

Coppioo 
■ witli 
Staiulards. 

Coppice. 


Years. 

Years. 

Years. 

Years. ! 

Horses and 
horned cattle 

I 

00 

12—20 

14—18 ' 

1 

6—14 

Sheep . . . 

14—18 

9— IG 

10—12 

4—10 


In this table tbo minima arc for good localities, and for species 
not mneb endangered by grazing, and the maxima for inferior 
localities, and for species preferred by the animals. 

"When the animals are simply driven through a forest, 
much younger woods can bo opened, but in such cases the 
gradient of the slopes and tbo consistence of the soil should bo 
considered. 


(b) Location of Grazhuf Areas. 

Every j'ear a new tabular form showing the ai’cns opened to 
grazing should be drawn-up and publicly advertised amongst the 
grazing villages which use the forest. In preparing such a 
form, the open compartments should bo arranged so ns to make 
it possible for the animals to poss through old woods from one 
grazing ground to the next, or drift-roads should be Inid- 
out between them wherever young woods intervene, and suffi- 
cient time allowed for the grass to grow in a grazed area 
before its turn for opening recurs. Marshy places, loose soil 
and steep slopes are to be excluded. Localities with under- 
growth which is valued for regeneration must not bo opened to 
sheep. Where trampling is to be dreaded, horned cattle must 
also be excluded. Attention to the requirements of the animals 
when drawing up the plan of grazing will also tend to restrict 
damage. 

The closed areas must be. marked on the ground with notice 
boards, or protected with •fences or ditches, the latter to bo 3 feet 
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■wide and li feet deep, M’itli the earth thrown up on the side of 
the closed area. 

If drift-roads arc required from ono part of the forest to 
another, they should- be from 15 to 24 feet wide, according to 
the number and species of gi-azing animals. 'WhercTcr 
t ese roads pass through very young growth, ditches, 
earthy or stone walls, or dry thorn hedges, should be placed 
on either side. The earth from the ditches should bo 

romi up towards the closed area to assist in keeping out 
the cattle. 

Wherever such protective works are not made along a drift 
I’oa , the nearest rows of young plants should be protected, ns in 

fig. 20, each with three rough stakes 
with the jagged sides pointing out- 
wards. When for the renioTal of a 
strong growth of herbage, or other 
reasons, pasture in young growth is 
considered advisable, this should bo 
'' allowed only from the 1st of July 
after the year’s shoots have com- 

Piotection for young plants. mcnced hardening, - and in dry 

, . Aveather. By multiple planting at 

or more, there is more chance of success in 
Rplonr when single plants are used. In grazed 

is to the only certain system of rejiroductioii 

groups Avhere old trees have been removed, 
protection group until tbe plants require no further 


Fio. 20. 



Co) Duration of Pasture. 

SepUmW ' T!lr“™ ““J”® 

beinff bown P®iiod for grazing varies in different countries, 
Northern Indll’ mountainous parts of 

culty consists iiiV” Europe. Bi hot countries a great diffi- ' 
for apring-grazin 

rhizomes of th order to get fresh young shoots from the 

nutritious Tn^ as the dead cold-weather grass is un- 

remein green lo,!! ‘ however, some of the grasses 

’ ^ grass outside the forests Las dried 
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up, especially when the forests are at a certain altitude and on 
northern aspects. 

Owing to unsuitability of the nnburned grass for pasture, 
certain inferior areas of forest and blanks may have to be given 
up as grazing-grounds, and burned annually for this purpose. 
It' is found by experience,- that, owing to constant grazing, 
coarse grasses gradually disappear from these areas, so that 
eventually they need not be burned, the nou-inflammabilitj' of 
the finer grasses then assists in the protection of the valuable 
parts of the forest from fire. It is, however, always preferable 
to try and induce the people to cut and remove the grass before 
it has become dried-up, and preserve it ns hay or ensilage for 
use during the dry season. This plan has had great success in 
Ajmir, in India. 

In the Alps, forest pasture only lasts for ten or twelve weeks, 
and sheep-grazing on the high forest pastures of the Himalayas 
is of a similar nature, these jiastures not being burned. The 
winter pastures in the N.■^V. Himalayas, in forests of Phitis 
longifolia, are generally burned, both in order to destroy tho 
dead needles, and to produce a fresh crop of grass. Forests so 
treated must eventually disappear, and the magnificent repro- 
duction of Piiws cxcelsa in the middle altitudes of the 
Himalayas between 6,000 and 8,000 feet, since fire ])rotectiou 
has been introduced into the forests, is most remarkable. 

In wet weather, forest grazing must be 6top])ed, or only 
carried on in old woods. The usual daily grazing should only 
commence after the sun has dried the dew, and night-grazing is 
not generally allowable. If cattle are to be driven thi’ough 
young growth, this should be in the afternoon, after they have 
ah-eady had a good meal. 

(d) Species of Grazing Animals. 

Goats, horses, and camels must not be allowed to browse in 
\aluable forests, but their fodder should he cut and brought to 
them. The French Government excludes sheep as well as goats 
from all forests managed by the State Forest Department, but 
sheep maybe admitted to graze in forests in certain localitiesundei- 
special sanction. Elephants may be admitted into forests with 
their keeper, and their foddnr cut and brought in by them. A 
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list of climbers and inferior forest trees suitable for tbc fodder of 
goats, camels, cleplinuts and buffaloes sbonld be drawn-up and 
circulated amongst all keepers of these animals who obtain fodder 
from a forest, and the fodder, ns far ns it consists of woody 
plants, should be restricted to these species. ' 

As regards other grazing animals, the number to be admitted 
into forests must bo carefully controlled. This number Avill bo 
determined by considering the amount of their requirements and 
the available quautitj* and quality of the herbage in the forest. 
Wherever tender grasses are available, those are exclusively 
grazed on. 

No diseased or sick cattle should be admitted, and from one- 
tenth to one-fifteenth of the animals should bo pronded with 
bolls, those inclined to wander from tho herd being chosen. 

The animals should only be driven into the forest in flocks or 
herds under the care of trustworthy herdsmen, who must see 
that they do not crowd together, nor stray too far apart. A 
few horses may bo attached to a herd of cattle, but cattle ond 
sheep should never bo kept together to graze. Tho herds must 
not be too groat, not above 100 to 150 head. All crowding and 
fast driving, and especially driving cattle with dogs through 
young growth, must be forbidden. 

On slopes grazing animals are driven straight up from below, 
and very slowly, in order, as much ns possible, to avoid damage 
by their trend. 

Shady places in old woods without undergrowth should bo 
selected for rest in the middle of tho 'day, and must bo near 
water for tho animals to diink. 

(e) Herdsmen. 

Well-reputed, trustworthy people must be selected as herds- 
men, and tho owners of tho cattle held responsible for damage 
or breach of regulations, any failing in this respect being at once 
reported. 

Tho forest manager should secure for himself a certain in- 
fluence in the appointment of the herdsmen, and endeavour to 
get them to take interest in the W'elfare of tho forest, by rewards 
for good behaviour, and discouragement if they are careless. If 
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tbo herdsman chooses the proper moment, when the beasts show 
an inclination to attack woody plants^ to drive them on to 
another pasture, and when to graze in young woods, and 
selects old woods in wet weather — ^in fact, if ho has the necessary 
power of observation and will use it for the bcnofit of the 
forest, the damage done by grazing may become quite in- 
considerable. 

(13) Geese, etc. 

As regards domestic birds, geese, fowls and pigeons may 
damage a forest, the former spoiling the pasturage, and the 
latter devouring forest seeds ; but certain blanks may bo found 
suitable for geese, and the damage done by fowls and pigeons is 
inconsiderable. 


7. Forest Litter.'^ 

As the removal of litter consisting cither of the soil-covering 
of dead leaves, needles, humus, moss, etc., or of branches of 
forest trees in full foliage, is the most hurtful form of utilization 
of minor forest produce, its permission must bo looked upon as 
altogether exceptional, and only to bo granted under the most 
pressing necessity (scarcity of straw, etc.). 

The then requisite protective measures arc : — 

Limitation of the quantity of litter to be removed to what is 
absolutely required by local farmers and peasants. Not a word 
should be heard in favour of selling the litter to others. 

If the rides, roads, ditches, places from which the wind would 
inevitably blow away the litter, and hollow places where it 
becomes heaped up unnecessarily deep do not suffice for the 
requisite supply of litter, then felling-areas with high herbam 
should be opened, but growing woods only as a last resort. ° 
Only places with fertile, deep and fresh soil can bear a limited 
deprivation of litter. On poor, shallow, easily dried, hot soils 

and on sunny aspects, the collection of litter must be uncon 
ditionally refused. uncon- 

Woods which have not yet attained their maximum height- 
growth must be closed against the removal of litter. The neLs- 

‘I** Of forest, see ScWich, 
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sfiry close-time depends on tLe species, the locality, and the 
length of rotation (r) ; it should be at least J r for High Forest 
and Coppice-with-Standards, i ?' for Coppice, but for exacting 
species, such as the beech, avo must wait up to i r oven in high 
forest. 

Woods the quality of which is under 0‘7, where unity stands 
for best quality, must not ho used for litter. 

The repetition of the utilization of litter is only allowable 
after a certain close-time, Avhich varies from five to ten years 
according to species of wood, quality of locality, rate of growth, 
etc. 

Eemoval of leaves should not be permitted two years before or 
after a thinning, and in the case of natural regeneration there 
must be a close-time for litter some years before and after a 
seeding-felling. This, however, implies such a state of de- 
composition of tho soil-covering, that seedlings can strike their 
tap-roots into the mineral soil. ■\Wierevor deep layers of unde- 
composed humus prevent this, they must be removed so as to 
expose the mineral soil. 

The moat suitable time for removing litter in Europe is 
on sunny dry days in September and October, shortly before the 
fall of the leaf. This rule will require modifying where, as in 
hot countries, some of the trees lose their leaA’es in the spring. 

Iron rakes must not be used for collecting litter, as they go 
in too deep and may injure the roots of the trees ; brooms also 
remove too much litter. Only the uppermost undecomposed 
layer of litter should be remoA'ed. Catting and remoA’al of 
sods of grass ivith the roots must be forbidden. 

As regards moss, species of Hypnum sliould bo remoA'ed only 
in strips during the spring, so that the regeneration of the moss 
ou the bare places may be facilitated from the strips left un- 
touched; this happens, when the soil is fertile and moist, in 
about six years. Then the old strips of moss may be removed, 
and another six years left for the bare places to recover, and so 
. on. Species of Polytrichum and Sphagnum, which generally 
grow in patches on wet soil, cause swamps and are hurtful rather 
than useful, and can therefore.olways be removed. 

Branch loppings for litter, best 'from sih'er-lir, should be con- 
ceded onlj’ from felled trees or from those just about to be felled. 
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During rcmovnl of Uic liUci*, tlio forest mnst bo cai-cfully 
watched, nud 'wherever nuiuial permission for litter is given, 
a scheme must bo drawn up, allotting the open areas for suc- 
cessive years. 

33y careful economy in the preservation and use of all manures 
and by the use of straw’ and provision of fodder-crops for stock, 
the demand for forest litter may bo reduced; it is the duty 
of the State to imparl public instruction in this respect, and in 
the extreme impoverishment of forest soil by the constant 
removal of litter. Among the worst instances of damage to the 
soil bj’ the removal of litter are the State forests near Nurom- 
burg in ISavaria, where even Scotch pine, in the worst parts of 
the forest, can now only grow ns a dwarfed scrubby tree almost 
useless except for fuel. 

8. Dead Jiraiich-mml. 

■\Vhorcver the rcmovnl of dead branch-wood is not a right of 
usage, but is permitted under certain conditions by the forest 
manager, the following rules apply : — 

Written or printed permits for the removal of the dead wood 
must be held by each person so engaged in order to prevent the 
concession from becoming a right, and generally, jieoido too 
poor to purchase fuel should be favoured in this respect, but 
they should not bo allow’ed to sell the wood. 

Very poor or exposed localities in the forest should bo 
excluded from the use of this concession, as the dead branches 
increase the humus in the soil. 

As a rule, no tools should be used, but where removal of dead 
branches from standing trees is allow’cd, they should be aaw’u off 
close to the stem. 

In order to facilitate control, the removal of dead w’ood should 
be allowed only on certain days, and not between sunset and 
sunrise, and the forest carefully watched on those days. 

Wherever game is of importance, the privilege must ho sus.^, , 
pended during- the breeding season. 

It may he necessary to prescribe the removal by certain roads 
in order to facilitate control. ' 

The removal of fallen dead wood is not so harmless as many 
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people tliinlc, as n considerable amount of lininns is foi-mcd 
from it. Thus sapwood, of which young branches arc chiefly 
composed, contains far more potash than hcortwood. 

In the Crown forests of ITcsso the privilege of collecting dead 
wood gratis is subject to the following rules : — 

All dry fallen wood which in the oi>inion of the forest manager 
is unsuitable for sale, mav be taken. Also dead branches which 
can bo broken off by hand by one person without climbing the 
trees, provided it be not over 6 cm. (2J- inches) in diameter. Only 
poor people provided with formol permits arc admitted between 
sunrise and sunset to this privilege. All tools are excluded, ond 
no sale of the wood allowed. Transport is by hcnd-londs, or in 
hand-sledges. The privilege is stopped during ^Iny and June. 


9, Removal of Stones, Gravel, Sand, etc. 

The following rules should be enforced ; — 

.All quarries, sand, clay and gravel pits must bo properly 
demarcated, and the boundaries strongly walled or fenced to 
prevent accidents. Proper precautions must be taken that 
neither roads, nor streams, nor the forest outside the quarry are 
imperilled by quarrying. 

Stones lying about on the ground should be collected onl}' 
where their removal is not prejudicial to the forest, and 
when removed, the ground where they w’cro lying should be 
levelled. Kemoval of loose stones should not generally be 
allowed on the sites of fellings, especially on loose sand or 
calcareous soil which dry up easil}’, as stones retain moisture 
in the soil. Places must be assigned where the stones may bo 
stored and roads designated for their removal. 

Sand, claj', and gravel pits which have been abandoned should 
be levelled or sloped-off to prevent accidents, and if possible 
planted-up. This rule is especially applicable to experimental 
pits abandoned ns not sufficiently pro&table. 

10. Collection of other Items of JMinor Produce'. 

Collecting berries, such as' those of bilberries, wild straw- 
berries, raspberries, etc. ; edible fungi ^ empty cones lying 



GAMK AND FISHERIES. 


47 


on the "I'ound; pmsis-HCctls ; incdicinnl herbs or frnils, nnd 
other such produce, the collection of which is not worth the 
trouble of the forest owner, must be so regubitcd tlmt onl}' 
persons provided with formnlly written or printed permits should 
be ndmitted, nnd the period of collection sliould bo fixed. In 
hot countries, some of those products nttnin n much greater 
imporlnncc thnu in temperate regions, nnd certain special rules 
rany be necessary, as in the collection of wild honey nnd wax 
in Indin, where enro must be taken to prevent the collectors 
from firing the forest, so thnt it may bo neccssnry to prohibit 
the collection nltogether except during seasons when the grass 
nnd soil-covering in the forest will not burn. 


11. Oamc and Msherlex. 

Lenses in forests of the right to hunt or shoot game nnd of 
fisheries frequently produce considerable nnnunl revenues, but 
whilst little or no dnrango is done by pbcnsnnts nnd other birds, 
deer nnd ground-game (hares nnd rabbits) may do a great 
amount of harm to a forest. The measures to protect forests 
against these animals will be given further on. 

The protection of game nnd fisheries is dealt with in 
special treatises, and would take up too much space in the 
present book. In most civilised countries there arc special laws 
relating to game and fisheries, nnd these should be so framed as 
not only to prevent wholesale destruction of useful wild animals 
nnd fish, especially during their breeding season, but also to nflbrd 
compensation to owners or tenants of land bordering on a forest, 
for damage done to their crops by any excessive head of game 
which may he preserved in the forest. Tliey should also fix a 
minimum limit to the area on which a man may claim the exclu- 
sive right of shooting on his own land ; this is especially required 
in countries whore landed property is much subdivided. 
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CHAPTER HI. 

PBOTEOTION OF THE FOREST AGAINST OFFENCES. 

1. General Account of the Subject. < 

The theory of forest legislation and the law of forest police is 
dealt with under Forest Law.’“ 

There are of course a number of acts which constitute an 
infringement of the rights of the owner in a forest^ which may 
he only remediable by a dvil court : — either by a suit for an 
injunction to the offender not to repeat his act, or for damages. 
Of such cases it is not necessary to speak in detail ; but a word 
may be said about “ trespass.” Ordinarily an entry on a man’s 
property which is not lawfully warrantable gives rise to an 
action for damages ; but under the English law (and so in India) 
trespass cannot be prosecuted criminally, unless there is proof 
that the entry was with intention to do “ mischief ” or commit 
a legal offence of some kind. When, therefore, in forests, it is 
desirable (omng to the special circumstances) to moke penal the 
mere act of climbing a fence and aimlessly wandering (off regular 
paths) in a compartment, or a young plantation, it can only be 
done by an express enactment of a suitoble prohibition and (light) 
penalty. 

2. Definition of a Forest Offence. 

Under the term “ forest offence ” is here included any act done 
in a forest which is punishable under an existing forest or other 
law, and by which damage is done to the forest or the interests 
of its owner are threatened. Offences which affect or threaten 
forests (or the produce of them when converted and stored, or 
in transit) or which interfere with control, are naturally some- 
times of a kind which might occur in respect of any property, 

* • 

* Eefereneo inny lie made to “ForcsF.Lair," by B. H. Badon-Powdl, O.l.'E., 
London (Bradbury, Agnew, & Co. Ld.), 1893, wbich also refers to tlio priucipnl 
vrorks on tlie subject. 
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and sometimes of a special character : i.e. they only happen in 
forests and are not attempted elsewhere; or else are exceptionally 
dangerous or injurious M'hen done in a forest (or with regard to 
forest property generally). Hence in most sj'stems of law, 
"offences” are jiartly punishable under the provisions of a forest 
lan\ and partly under the ordinary " Penal Code ” or the statute 
and common law of the country. 

In India, for example, such offences will sometimes come 
under the Forest Acts; sometimes under the Penal Code ; some- 
times under either. And it is a matter for the law manuals to 
tell ns when one law or tho other should ho had recourse to. 
In the Bhitish Isdes there is no special forest law ; accordingly 
all " offences " that are punishable (as distinguished from acts 
■which give rise to a claim for damages) are so under the ordinary 
(Criminal) Common and Statute Law. 

8. Classification op Fouest Offences. 

Forest offences may, therefore, be classified as follows : — 

(«) Damage : 

Unintentional. 

Wilful. 

(6) Misappropriation : 

Simple. 

Accompanied by damage. 

(c) Contraventions of forest police. 

Tho subjects of forest offences arc sometimes the forest soil, or 
its covering ; the stock of wood or minor produce, whether 
standing or converted ; houses, roads and other works and 
appliances used in forest business. 

(a) Damage. 

Unintentional damage occurs in a variety of ways, as for 
instance : — damage to standing trees through clumsy felling of 
other trees, to young growth during fellings or removal of 
material ; cutting up valuable timber into firewood in ignorance 
of its value ; cutting seedlings during grass-cutting ; driving 
carts over boundary marks, through ditches, down embankments, 
etc. The number of cases which may occur is so great, that to 

VOL. IV. r; 
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drnw up a comulpto lint lii*rf is iMi|io«vU)lc. In ninny cii««>h no 
oflViu’t* is ooniiuitti'il uliirli is rriininnlly ; but 

till' iloiT of iho is Uiiblc to iinil:i' rojianilion. 

Ill till* cjis(' of tril/itl thuwvjr, tlio inolivcH tuny bo wnntotiiics’s, 
rovi'iifip, spllisliiicbs, I'Vi'ti hUjM'rstition.* 

J)jim»ioi'of tliisitiiiil inrlinb-'t;— jM'cIiiin tbobnrk from htamlin/? 
tri'i's, {'irilliiio, riittiii^<iilT b'luliti^ slioots, lopniii;; brnticln-s 
or o\j)osi'il roots; lopiiino briiiu‘bi<s from tn-os yii'bliii;' inii'ili 
or from roui-brurino iri'i'S in orclor to farililiitr llic ri'uamil of 
tlifir fruit; uilful ibitimi'o to boiiinbiry niarJis, fi'iicoH, forost 
mirhcrii'S, or otlior foroht apputU'iiaitri’S. 

( b) Mi jtproprinti t<u. 

UiiilfT ibis lipitdino ih iimbTstootl ilUoal iii»i>ropi iatioii of 
fon-ht |»ro|ii'rty still boloii{'iii;' to tbo forest owni'r. 

Ill moat systems of biw “tbeft" nnd "lan'i'iiy" refer to 
*' jiersoiml ’’ or ** movoabb*** property: surb as a wnlcb, fire- 
wood in a stiK’b, a lo«», or a benm ; and tbepe is (or mny be) a 
diflieuUy about prosiTiitin;* easea of lop]>iii^> or tin* olToncc of 
cuttiii;' a stniidiii" or growino tree, busb, or sapling; gonerallv, 
tbcri'forc, Ibc^/'oirat /oir (if Ibore is one) will s]*feinlly jirovide 
for tlu-se ciises, and will IcaM*" theft” of forest produce (atorod), 
cut timber, etc., to the ordinary law. 1 Where there i» no special 
forest law, the cutting of standing tree.s would at any rote coti- 
stiluto " wilful damage ” or " misehief.” 

Simple mUaj}propriittUm (in the gonornl sense of the term) is 
uiincconipniiicd by any dnmiigo to the forest, so that no loss of 
increment, no impoverishment of the soil, results from the ofTcncc, 
hut merely the loss of the property illegally taken nwty. In this 
is included the illegal removal of dead standing trees (provided 
no damage is thus done to living trees) ; of dead branches or 
windfalls; of fruits not required for natural reproduction; of 

• About Ulirtr yean ago n deodar forest in Jnniisar, in the U.-W. Hinialayni, 
wa^ dehberatoly burned to tiro|iitialc tlic noddce* of ainnibpox, 

+ In India, n technical distinction hdtiiun la'livcen “tlicft” and “iniMpjiro- 
piinliini,*' tor wbieb i.pe *' rorest Law" (pp. IIS, -120). It is jirovidctl, liow- 
rver, in the Indian law, tliiit tliou|;]i ■•theft" can only lie of ••inoveablo” 
property, — and a Btandiiif- tree is not such, — still the act of cutting and severing 
tlio tree from the soil may make the ohjeet, luOveiihle and also cirecl the moving 

with ilislioncst iutontion that is necessary to constitute ■■theft." 



POREST OFFENCES. 


51 


grass from rides, or roads ; of stones l3dng on the ground, 
berries, edible fungi, etc. 

Misaj^i^ropriation nccompftnied by damaye is committed when 
the forest owner, in addition to the loss of the articles abstracted, 
suffers physical damage to bis projjerty, which may diller greatly 
in degree according to circumstances (species, age of wood, 
s^'stem of management, density of growth, localitj', etc.). 

To oflcnces of this class belong, as regards pr/«cjp«/ produce : — 
cutting and removal of standing timber, or parts of standing trees, 
involving loss of increment and irregulavitj' of management, 
or introducing decaj- into the wood ; removal of mother*lrees in 
regeneration-fellings, or of standards in stored coppice, resulting 
in delay in the reproduction of the wood, deprivation of shelter 
against atmospheric influences for the j'ouug growth, exiiosuro 
of the soil, etc. Some of the most harmful of these oflcnces arc 
digging up green stools from coppice, and removal of j'oung 
plants from plantations, as thus the care taken to restock a 
wood is frustrated. 

As regards minor produce : — peeling bark, tapping for turpen- 
tine or gum, lopping bi*anchcs for fodder, gi’azing, roking-up 
litter, cutting sods, and appropriation of the resulting produce, 
are common offences. 

In many of these cases, as for instance in the removal of 
litter, the damage done to the forest far exceeds the value of the 
material abstracted. 

(c) Contravention of Forest Police Itegulations. 

The offences comprised under the above heading arc in- 
fractions of police regulations made for the public welfare, or 
in the interests of forest conservancy. No damage need result 
from such offences, as for instance from kindling a fire in a 
forest which may become extinguished without causing a forest 
fire, although there is an imminent probability that such a 
calamity will happen, and this necessitates the stringent pro- 
hibition of such an act. Offences of this nature may be placed 
in the following groups : — 

(i) Offences against forest control. — Examples : removal of ' 
wood without permission, at' 'a forbidden time, or by a closed 

E 2 



52 


PROTECTION AGAINST MAN. 


rond ; coliccliou of dead fallen wood witlioub n permit, on 
forbidden days, or with prohibited tools, etc. 

(ii) Offences endantfcrlnti the forest . — ^Examples : lighting^ n 
fire ; leaving uuoxtinguislicd a fire lighted with permission of 
the forest manager ; carelessness in burning charcoal or lime ; 
smoking pipes without covers ; going into n forest witii torches, 
otc. 

(iii) Acts prejiaratori/ to a forest offence, which are conse- 
quently prohibited:*— Examples: trespass by climbing over fences, 
carrying axes or saws in a forest witlioiit permission, injury' to 
notices, otc. Forest trespass (in closed ]>lacos, ofi* rcgnlar 
paths, etc.) where this is made penal by law. 

Many forest oflenccs comprise damage or misappropriation, 
ns Avell ns contravention of regulations ; ns for instance injury 
to growing trees by transport on a prohibited i-oad, kindling a 
fire in a forest with misappropriated wood, etc. 

Such complications may involve several heads of charge in the 
prosecution ease, or call, for severer punishment than 'oilcuces of 
n simpler nature. 

4. PnoTEcm'E ^InAsmirs. 

Protective measures against forest ofibnecs may be either 
direct or indirect. The latter chiefly involve removal of tho 
cause of offences, and tho former are directed against tho oflcncc 
itself ; it is, however, difficult to draw tho line between them. 

Unfortunately forest offences are always considered less 
culpable than those against the i)cnal code, ns many German 
proverbs show. This results from tho former communal pos- 
session of many forests, and the small value of forest produce in 
earlier times. Even now, tho appropriation of Christmas trees, 
birches for Whitsuntide and sallow branches in bloom for Palm 
Sunday, are frequently considered justifiable. Tho forester should 
not be too exacting regarding certain innocent practices ingi'nincd 
in the popular mind, and ho should endeavour to become 
acquainted with all local customs which prevail near his forests. 

The following ore tho protective measures against forest 
.offences : — 

(a) Jiemoral of Causes of Offence. 

Want of occupation and consequent poverty' often leads to nn 
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increase of forest offences. As a population increases, without 
more opportunities for employment arising, and as the clearance of 
communal and private forests causes a rise in the price of forest 
produce, the temptation to commit offences is increased. They 
are also more frequent near populous towns than elsewhere, as 
the trade in stolen forest produce is thus facilitated. At Hard- 
war in N.-W. India, in 1882, unmarked forest produce brought 
into the town was regularly priced lower than properly certifi- 
cated produce, as the former was suspected of having been 
misappropriated and might get the purchaser into trouble. 
Insufficient education, careless watching of a forest, had forest 
legislation, and a feeble execution of justice on the part of 
magistrates, may all combine to increase forest offences. 

The subject of Forest Policy comprises a study of the above 
factors, and only the energetic action of the State can ensure 
thoi-ough protection to forests against forest offences. Under 
Forest Protection, we can rely only on means within the power 
of the private forest owner, which are as follows : — 

(i) Careful utilization of all forest produce, so that all local 
wants may as far as possible be supplied. Frequent sales of pro- 
duce, and in small lots, and credit given for a certain part of the 
purchase-money until the purchaser can begin to realize the 
value of his purchase, are useful measures. 

(ii) Provision should also be made for the sale, by pi-inted or 
written permit, of kinds of principal forest produce which fre- 
quently form the object of misappropriation, such as hop-poles, 
props for fruit-trees, cart-axles, wood for ploughs, pea-sticks, 
thorny bushes or stakes for fences, bast for rope-making, 
Christmas trees, faggots, etc. 

(iii) Permits, if necessary without payment, to remove certain 
minor forest produce as far as is consistent with the safety of 
the forest, should also be obtainable throughout the year. For 
instance, to cut grass ; for dead fallen fuel ; to collect berries, 
edible fungi, cones ; to utilize some kinds of litter the removal of 
which is not harmful ; in certain cases for the temporary culti- 
vation of crops. Tall coarse grasses may frequently be removed 
to the advantage of a forest, and thus may be secured less danger 
from frost and fii'e, more heat and moisture in the soil, and' 
loosening of the surface, all of which are important for plantations. 
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In Uio cnso of ttini>ornry cultirntioii, ])otntocs urc to be ])re- 
fci'rcd to ccrcnl crops, ns they impoverish the soil less. 

(iv) Supplying Inboiir in the forest in bnd times. Bonds, 
drainage, ditching and removal of stumps, will furnish employ- 
ment, in addition to the ordinary felling and planting work in a 
forest. 

(v) In the case of cmnvnmni forcftts wo have moreover to 
secure economy in the use of firewood by introducing the use of 
improved stoA'os, ovens, etc. The firewood store-depots should 
be centrally situated, so as to facilitate removal of the material 
by the householders. The Avood should be delivered dry and 
in the smallest quantities in demand. 

(vi) Improvement of agricultural methods, so that agriculture 
ma}' dcjicnd ns little as possible on the forest. Common-land 
should be used to the best adA'antage ; technical instruction in 
agriculture should bo afforded, etc. 

(A'ii) Something may be done by the exercise of tact and 
kindness in the administration of a forest, to prevent the 
ignorant peasantry from feeling tho forest to bo a hostile insti- 
tution in their neighbourhood. This need not impair the effec- 
tiveness Avith which important rules are enforced and tho safety 
of the foi'cst ensured. It is possible so to act ns to make the 
people not dislike the control, h}’ using discretion in enforcing 
particular iirohibitions. Ignorant peasantry Avill nhvays dislike 
forest conservancy ; but they need not feel it a grievance : there 
is an irritating kind of exactness AA’hich tends to proA'oke a sjiirit 
of malico and a desire to injure tho forest ; whereas, a judicious 
management will in time disseminate the idea that the forest is 
after all a benefit, and that the forester is not the enemy of the 
people. 

(b) Direct Dealing irith Forest Offences. 

fi) The forest should be snbdmded into beats of suitable size 
and shape for 2*(ityolling and keeping watch against trespassers, 
or against tho causes or origin of fire ; in Germany, tho area of 
a beat ranges betAveon 500 and T,800 acres, the latter in Wiir- 
temberg, the mean area being 1,150 acres. TrustAA’orthy forest 
guards uhonld be appointed, who should bo alloAA’ed sufficient 
pay and houses aa’cII situated as regards their bent, also allot- 
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meats for a garden and potato-field, and pasture for one or two 
cows on forest rides and blanks. Proper control of the guards, 
and promotion and reward of good men must be seen to by the 
forest managers. 

(ii) Wood-cutters and contractors employed on work generally 
should be induced to participate in the protection of the forest. 

The forest should bo constantly inspected, and all workmen 
employed in it supervised. Proper rules i*egarding forest fires 
must be duly made known and strictly enforced. 

(iii) All forest offences must be promptly reported, and the 
offenders prosecuted. There are some particular offences against 
which special remedies may be adopted. Where tappings for 
turpentine have been illegally effected, they may be smeared 
with lime-water, which stops the flow of turpentine. Where 
removal of litter is to be feared, stumps may be left somewhat 
high at the thinnings, or stakes driven into the ground to 
impede progress. All stumps of stolen trees should, on dis- 
covery, be marked with a special hammer to facilitate contml. 
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CHAPTER IV. 

PROTECTION AGAINST DANGER FROM FOREST RIGHTS. 

Section I. — Generaii View of Forests as “Estates” or 
Pieces op Property. 

1. What is Property f 

A DiBonssioN cannot here be attempted of the legal definitions 
of property, or the qnestions involved in legal possession, and so 
forth, with which the whole subject is bound up. We com- 
mence with the practical consideration, that in modern times 
most things that are available for use have, or are presumed to 
have, an owner. In particular all land (in countries where there 
is a civilized government) has come to be recognized as the 
“ property ' of someone : even on open moor or waste is owned 
by someone. This ownership implies the following elements : — 

(a) That within certain limits or boundaries, 

(b) the “ owner ” has certain positive rights ; which other 
people have not. 

(c) He has also the negative right that other persons are 
bound not to interfere with his rights. 

In either case there is a legal remedy, which the owner can 
invoke in the case of an infringement of his right. 

(<i) It is possible that some other persons (without actually 
infringmg the owner’s right) may have certain rights of their 
own which limit the enjoyment of the owner ; if so, these rights 
must be known and certain. 

Where these conditions are not yet legally existing there can- 
not be, for any practical purposes of management or control, an 
estate or property. 

Where the owner’s right (« and 5 above) is not Umited by the 
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existence of other rights under (rf)> the lav’j’crs shortly express 
the sum of his rights as owner, by saying that he has the vse 
(every possible advantage from the estate) ; the ahusc (the right 
to destroy and make it a waste, riiilcss some express law pre- 
vents him) ; the fruits, i.e. all produce and accessories ; and 
lastly, the right to let, hire, alienate, and maintain any kind of 
legal action necessary to defend his jiroperty. 

2. Of the Persons who arc Owners. 

Forest property may belong to an individual owner, or to a 
liartnershii) or body of co-owners, or to the State ; or to what 
is called an artific al or Icffal person, namely, some body of men, 
or individual holding a peculiar position, or even an olBijial 
trust, or some institution , which the law regards as if it were 
one single iierson, taking (as regards the property owned) no 
thought of the individual member or members composing it. 

The coiyoration, as a legal person is called, is exemplified by 
the “ Crown,” the “ rector of a 'parish,” a town corporation, a 
college, charitable, or other body, which is by law, or by a 
Koyal Charter declared to be corporate. In such cases the law or 
charter specifics the officer (chairman, secretary, &c.) who is to 
represent the corporation : the act of the whole body is signified 
by a common scal^ The indiridual members of a corporation 
have no interest in or liability for the propertj' whatever, nor can 
they take any action regarding it. Thus corporate property 
diilers from property where the owner is a company (not being 
a corporation), or a partnership, or a set of two or more joint 
owners : for all these have separate rights and individual in- 
terest, although until partition, no one of them alone can deal 
with any portion of the estate. 

3. Limitation of Owner's liif/ht. 

In the short enumeration of the characteristics of property it 
was noted that sometimes, though there was an owner to the 

* This has nothing to do with tho departmental official seal nsed by a forest 
depaitmcnt or govcmnicnt secretariat, etc. Tho "State ” or “ tho government" 
ns owner of ioicsts and so fortli, is not exactly a coipomtion — but it is nnnlo"ou^ 

State property is always provided to be managed and hold by somcoiu. e g. the 

Secictary of State for India in Council, in tho case of ]mblic property in India. 
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cslnlo, whoRo ri"Iit oxIcikIccI <m*r the whole, wilhiu its proper 
hoiindarios, there mi^dit bo third persons, hiivinj' ri^'hts within 
tlio boundaries also. "When this is the ease it is often popnlnrl}’ 
(blit inticcurntcly) said that the ownership is liinUnl. Otntcr- 
sliip in itself is an ultimate and indivisible ripht ; if a person is 
om)or at all, ho is siinpl^' owner, ho eaunot bo somethin" more 
or loss, so loll" as he retains the legal title at all. But nronutl 
the right of ointcrithip cluster also ti number of subsidini^' 
rights and enjojmients, some of which can be broken off, so to 
speak, and come into the hands of other persons. Hence,* 
though tho ownership remains, the enjotjini’tif of it may be 
either absolute and unfettered or may bo limited. One obrious 
way in which such limitation arises, is by somo contract- — such 
as a lease, pledge, or mortgage, or loan of the estate ; with that 
kind, liowevcr, the present work is not concerned. There is 
another class of rights of third parties which do not ariso out 
of any lease or temporary contract, aud their existence often 
causes a very considerable limitation of a forest owner’s enjoy- 
ment and control of his property. 

4. liules of Protecting Forest Property. 

Before discussing the nature of these rights, somo brief rules 
maybe given, which apply to tho protection of tho forest properly 
or estate as such ; to soenro the area, general title, and legal 
position of the property. 

(a) See that the forest is regularly and permanently demarcated, 
both as to its general outer boundaries and ns to all inner boun- 
daries— which mark tho limits to which certain rights extend, 
or in which there are no rights other than the owner’s. 

{b) ^ Exercise the rights of ownership in tho forest, especially 
near its outer boundaries j let no one have an excuse for saying 
it could not be known that any one was in possession, or was 
owner of the place. 

(c) Carefully prevent damage to the estate, its roads, fences, 
works, etc., especiall}- if caused by the removal of forest pro- 
duce. 

(d) Carefully watch against encroachments, and all kinds 
of forest offences, injury to boundary pillars ond other 
marks. 
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(c) When any licences or concessions are allowed, see that it is 
always done by written or printed permission so worded as to 
make it clear that no right of a prescriptive character can 
arise. 

(/) Exercise any rights the forest estate may possess over other 
estates, and all claims to labour, or payments, all rights of re- 
ceiving help in case of forest fire or other calamity, or receiving 
information (which may he imposed by the forest or other 
law). 


Section II. — General Account of Forest Eights or 

Ser'S'itodes. 


1. Nature and Origin of Forest Rights. 


As already stated, it frequently happens that x>crson8 (some- 
times individuals, sometimes legal persons or corporations) 
possess rights over a forest (or other) property which belongs 
to someone else. These are permanent rights, which have 
nothing to do with a contract, or temporary lease, mort- 
gage, etc. In that case the forest or otlier estate over which 
the limited right exists is called the sere lent estate — it is 
burdened with the right. These rights are called by various 
names. The Eoman lawyers called them servitudes (because 
the burdened property was made to seiTe the purpose of the 
holder of the right). In English some were called ease- 
ments (i.e. one kind of them were so, of which presently), others 
rights of common. In India, the Legislature (abandoning this 
distinction) has called them all “ easements.”* Such rights 



1VU9L.O uuu. xuivai. tviiiviA auliio bcusci ob uu liie lUnilblta,lltS 

From tho time of Chaileinagne these border-forests were appropriated by the empire 
or by powerful landowners and town corporations, and the original owners 
became mere right-holders. "Waste lands attached to villages in India Inavo also 
had something of the some history ; but under the effeebi of the land settlements 
such areas have mostly been Ireely given over to tho villages. In the Gaio Hills 
(Assam), where tribal settlements in the ancient model still can be obseiTcd it 
is only within the last 30 years that fighting has ceased when one village gionn 
tried to encroach on the border-forest of the next. Forest rights also arose bv 
giant of the baron or lord : and still more grow up by local custom, and lonn user 
of tho neighbours, partly because the modes of agriculture then known suggcstPii 
forest gi-azing, pannage, etc., as the most desirable, and ivood fuel was renniioH 
before coal was obtainable. In those times, too, forests were abundant in mm 
parison with the number of the population : and no one cared to interfere 
people habitually takmg what was so abundant and had so little value 
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jturtly on •nuutiit, or ‘•onio form of wriltoii litlo, 
pi'Hinjis It jiolf^inout of Minio Courl, nnil I'arlly on wlmt ii nllt'd 
jm srnjitiim, Hy ihin liitl* r t»-rm wo in«’iin, thnl tlio«{;h tho 
oMiot orii'in is not hiiotvii, \vt n»i n nintlor of fm*t tin* rijjlii Im** 
liccii I'xoroist'il for it lunj; limp — tin* iMjn of your** (usimlly 20 
or MO) ii lixptl liy tin' luw of pitcli ponntry — mill mNo liini Iwcii 
pMTrispil ojuiilti (not Itv frnml ninl nnkiiintn to tin* nt\npr>, 
pctu athhi (not l»y violoju'c), ittni tit ttj rujht (not l>y niotP Iphmj 
or MtflVrmii'c, ftcknoohslKitii; thftl tin* ottin>r fouM ]nil n slop 
to till* pruutit'i'}. Wlicit ilii'si* con(litiiin>i poiuMir, iIutp is n full 
K'j'ul rij^ht l»y pri'scrijilion. It is iiImi pos-tildp tho ridlits nifty 
Ilf rponnlptl as (in a way) jtn'srriptivi’, by roimon of tln-ir boing 
lulmittPiHy inattorB of uin'ipnt bwal Piistont or on ollif>r rtpiitiihk 
"romulh, <«vi*n when tbo prppi*n' tpriiin of it Ipgal pri’scription, ns 
abovp ntatoil, aro not pslablihln-il. 

2. Jti'fhtK »r StTi'itiulfit ehifti/iffl hito JCinils. 

Tin* bnvyors in viirions poiintrii'B Jmvp clnssifn'il tlipso rights 
in fliirpront waya in ron«Cf]upnpo of piirtionlar logal tlislinclious. 
For oxiim]ili', sucli rights nro said to bp jngafiir wlien thoestulo 
which bears the right in inendy uiitlpr the rontinuou*. obligation 
lint to ilo floniething— -i.c. not to dig a boh’ so ns to ondangor the 
righl-hohlpr's foundutions, not to stop the (low of water, etc. ; 
and jinsitii’f, when it is obliged to allow the rblht-hnhhr to do 
or taf:r sniiirthinif, as to drive liia enttU' across a Held, take 
wood, or drivP'in pigs to feed on ncorna, etc. Jlights are also 
said to be coutiniioux or diiicontiituoiig (intcrinitteul) ; the former 
in their nnltirc arc continuuUy in opcrittion at every moment (as 
a right to light and air by ancient windows*) ; the latter arc 
used from time to time, cither at fixed intervals (c.p. a right to 
have 10 beams for repairs once every ft years), or on occasion 
(ns to cut brushwood for fuel when wanted). This latter feature 
(discontinuity) may give rise to a further question, which will be 
noticed prOHontly. 

On the subject of clnssificntiou of rights of user, only two 
liohits have a practical hearing on protection. One concerns the 
nature of the ri//ht, the otlicr concerns the nature of thenf/ht-holdcr. 

* Ami in gciicml all 7ir()ruf(teseivittnli‘s ate necessarily eonliuuoiu. 
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As regards the nature of the right, there is an obvious dis- 
tinction between rights which (whether negative or positive) 
only imply some use of the servient estate (as walking over it, 
letting water flow across it, having the support of soil for foun- 
dations, having a beam resting on a (servient) neighbouring 
wall, etc., — ^in all which cases nothing is taken out of or from 
the servient estate ; and those rights which do take something ; 
c.ff. rights of pasture, wood rights, rights to dig sand, litter, etc.) 
[It is the former only that the English lawyers call easements ; 
the latter are rights of common, or profits a prendre in older 
hooks.] And then as to the holder of the right : this may be a 
person A. B. and his heirs; it is always understood that the person 
cannot alienate the right or servitude. Such rights are said to 
he personal rights, or as English lawyers say, rights in gross. 
But very often the right is held not by a person (natural or 
artifleial) as such, but by a certain house, farm, or other build- 
ing or estate ; so that the right is exercised by the person who 
happens to ho the holder of the estate or farm, etc., for the time 
being. Should the present holder go away and sell the farm, 
etc., he w’ould cease to have any right ; but the right might pass 
with the farm by sale. Eights of this kind are called real rights 
{real in a technical sense), and the estate, house, farm, etc., to 
which they are attached is called the dominant estate, just as 
the estate which hears the right is called the servient estate. 

Different systems of law'- have diflerent ideas regarding these 
rights. For instance, in Franco and Germany forest rights (to 
pasture, wood, etc.) are always real rights — they are always 
attached to some farm, building, etc., for the benefit of which 
the right exists. But this is not always the case in Britain or 
in India (except in some few cases which in their nature imply 
some (dominant) house or building or land to w-hicli the right is. 
attached) ; it is quite possible for an individual to have a custo- 
mary right as such individual.* It is not necessary then to 


* A biiof note niny be asefnl ns to viUaqe rights iii Imlin : it cannot be saiil 
nr >» my sense a corpoin- 


or 

tion, or ll’ml it, rcgnided ns a single (nrlificinl) fieison, can bold ri^hVr'nr 
user nr roiiiinoii ; nw can ,t i„ geiu-ial be reg.nileil ns n single (loininant estate 

set down in ’ 


gilts If (thongb not srarnuited liy the Imlinn Torcst law) a ti-iit is 
a pnblu' leootd as existing in favour of'* village C tin's nierol 
iiuaiis that all inlinbitnnts (or ju-iliniN only all landlioldors)‘of villn-ro C for tl.n 
time being, can cxcici.so tlio right in (]uc.stion. " '' 
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pursue this classification further, except to be sure that when 
a right is so attached, the record of it makes it quite clear 
exactly where, what and of what extent, is the house, form, or 
estate, which is the dominant or right-holding property. 

It need only he mentioned that persona? rights may be granted 
or become prescriptive to a person and his heirs for ever, or may 
be (granted) for life or lives only. 

3. Forest Rights which are Undefined. 

Returning for one moment to the prescriptwe origin of rights, 
one very important matter has to he noticed. Such rights are 
nearly always undefined or indefinite — indeed, it is possible that 
some rights by the terms of a grant are also left undefined ; 
but most commonly it is prescriptive rights that are so. 

The custom is that the right-holder may graze “ his cattle ” 
in forest A. (how many and of what kind, and at what 
season is not stated) ; or that he may have pow’er to build and 
repair “ his house ” ; or he has “ common of estovers ” a 
right to fuel — but of what kind (brushwood or billets) and for 
what purposes, does not expressly appear. 

In all systems of law there are rules for determining how 
such undefined rights can either be brought formally to record 
in a definite shape (e.p. the Indian Forest Act''), or at least 
there are provisions for fixing the number of cattle, quantity of 
timber or firewood, etc., to be claimed under the right. 
These principles are detailed in law manuals.t No system of 
law allows such a thing as an unlimited right — ^for that might 
swallow up the entire ownership — a thing contrary to the very 
nature of a right of this kind which, it should be always re- 
membered, is a permanent right (not arising out of contract) of 
one person or estate, which exists over the property of another 
person, to have some use, or take some part of the produce of 
the other property. 

It is true that sometimes a number of separate rights may 
exist, the aggregate demands of which form a serious burden on 

* In nil folly-constitntcd State forests in India, the law wquircs every right 
elaimctl to bo brought befaro a public officer appointed for that purpose and not 
only recorded, but made ns deffiiUo in number, extent, kinA etc., ns cirounistanccs 
allow. 

t “ For instance, in Sanckolinnnn’a Ailotung und SegeUtng, 3 vols., BcrUii, 
ISSO. Badcn.l’owcll, “ Forest Law,” p. 318, jT. 
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tho forest property ; but there is no infringement of the prin- 
ciple. It is (ilso to be mentioned in passing, that someliraes 
there is a land of right over property of a special nature, called 
the usufruct, ■which implies that the whole of the normal pro- 
duce and the general enjoyment of tho iiroporty passes for life 
to tho usufructuary ; hut even then, tho bolder of such a 
right is not owner, nor can he do anything that alters or in- 
jures the proijcrty in its substance, or aiVocts the ownership 
right* — rt fortiori, therefore, a mere holder of a right of common 
is hound to respect the estate on which his right sirhsists, and 
treat it cirilitcr ct modcstc according to Roman Law, or ru hon 
pere clefamiUe, in French Law, and cannot demand an unlimited, 
or abusive enjoyment of it. 


4. How Forest liights mag Terminate. 


As wo have considered how such rights maj’ grow up, so a 
few words will he appropriate as to how they come to an end. 

{a) It maj' he naturally : as 'where tho dominant estate dis- 
appears {e.g. river diluvion), or where tho personal I’ight-holdor 
dies without heirs. 


{h) It may be that the forest is unable to satisfy tho require- 
ments of the right ; here the right must remain in aheyauce, 
till tho forest has recovered from the calamity which caused the 
inability. Where the rights are permanently in excess of the 
yield-power of a normal forest, then the law usually provides 
express terms for dealing ^^’ith the difficulty.! 

(c) When the right-holder becomes (by will, purchase, etc.) 
owner of the servient estate, or where the dominant estate is 
acquired by the servient estate, the lesser right merges into 
the greater. 

(d) Where the right-holder submits to an intcrrujJtion, or 
acquiesces in an act on the part of tho servient owner who pre- 
vents the exercise (of course having notice of the interruption). 


* Tho usufmot is always for life (soo EVoillard : Zc TrnHement des Jioh cn 
France : Paris : Berger, Lovrault ot Cio. (j.c. 1894: pp. 027—654). If there' is a 
prescribed teorlnng-plan the usufructuary must carry it out and only take such 
produce ns comes within its directions, and he must cany out all works such as 
new planting, sowing, keeping forest woiks and roads in oixler. .Such a usufruct 
arises in tho case of entailed forests, or those comprised in a family settlemont • 
also it may bo that part of the glebe lands of a rectory in which the parson has 
life-interest, is stocked with traes, and may come under this head. * 

+ See Baden-Powell, “ Forest Law,” pp. 293, 369, 378. 



64< 


PBOTEOTION AGAINST MAN. 


tlie right will he lost if no action is taken for one ycar.*^ It 
may he that the right*holdcr himself discontinues or intermits 
the exercise of his right. In England, it is a question of fact 
for the jury, whether the discontinuance was long enough or 
under sneh circumstances, as to give rise to a conclusion that 
the right was abandoned. In India, the matter has been settled 
by legislation (Act XV of 1877, sect. 26 Exp.). Two years’ inter- 
mission (under the conditions stated in the Act) will cause the 
right to terminate. 

Of course in all cases, as a right can be gained by prescription 
so it can be lost by complete non-user for the w’hole legal period 
of prescription. 

(e) Lastly, the right may terminate when, either by friendly 
agreement, or (if the law prescribes) by compulsory process, the 
right is commuted or hought-ont on paying compensation.t 

5. Practical Princijtles of Law 7'egarding Forest Rights. 

The following short statement of legal principles, all of which 
are based on broad rules recognized in all systems of civilized 
law’, will be found useful : — 

(o) There can be no such thing os a right to destroy the 
estate or do w’anton mischief {e.g. burn a forest). 

(6) The right-holder is in no sense o part-owner of the 
forest. When a part of the forest is separated and given over 
to him, such a pi’oceeding is at the option of the owner, — as a 
means of compensating for and getting rid of the right. 

(c) The right is always a limited one ; it can only be exer- 
cised so as while fully and fairly enjoyed it does not attack the 
substance of the forest : it can never exceed the normal regular 
yield of the forest nor its capacity to bear the right without de- 
terioration in the case of grazing, soil-litter, etc. etc. 

(d) When a right is undefined in its chai*acter, and has not 
been reduced to definite terms, it is always understood to be 

* For England, seo 2 & 8 'Will. 4, c. 71. Tlie Indian Iott is similar : spo scot. 
26, Act Xy of 1877. 

'• ^ ^*P^*ued in Danckelmtmn’s Die AbUmnff und Degdung der lyaldgruiu^ 

' gi*r^iiigkeitc?i. Cooke's “"WingroTe on Enclosiires>'* 1864 (referring to tlio multi- 
tudiiiou^ond complicated Enclosure Acts). Baden-Ponell, “Forest Law,” pp. 
3_67 — 393 (where an abstract of the German law is given), ileaume. Usage Fores- 
tier (reprinted from the lUpertoire de Legislation : Nancy, 1861). 
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limited to the actual needs of tlio person, or the dominant estate 
(as the case may he), in his or its normal condition as it was 
when the right originated. If a peasant has a right to wood for 
“ building his house,” it moans such a house as is usual in 
the locality, not a largo villa or whole range of fnrm-buildings.’' 

(c) The right must he exercised so ns to interfere as little as 
possible with the regular management proper to forests of the 
normally existing class or kind : it cannot prevent the restora- 
tion of an ill-used forest, or the proper planting operations and 
production of young growth. 

(/) On the other hand, the forest owner cannot claim to alter 
the character of the forest, or its general destination so as to 
affect rights; and where one mode of proper working would 
pro'V'ide for the rights while another would not, the owner must 
make his working-plan so ns to provide for the rights.! 


6. The Disadvantages Arising from Forest Servitudes. 

The chief disadvantages to forests, from the existence of rights 
of common are : — 

(rt) Limitation of the o^vner’B power of managing the forest 
in the best possible manner, or of converting it, and so forth. 
Some servitudes affect the control more than others. 

And it is noteworthy, that it is generally not any one right 
that is objectionable ; the difficulty arises from the aggregate 
demand for a number of right-holders, both as to the quantity 
of produce, area of grazing, &c., which they require, and also 

■* See Baden-Powell, “ Forest Lnw,” p. 290 JT, 328. 

+ See “Forest. Law," p. 294 Jr. In England wo hnvo a recent example which 
illustrates the rule that t. forest owner cannot niter the entire destination and 
character of his estate to _tho prejudice of right-holders ; and at the same time is 
a rare instance of forest lights being beneficial (from a forest point of view). In 
the COSO of Epping Forest, the right })03sc.sscd by the commoners to lop the trees 
was enforced when the lords of the manors wished to enclose the torcst areas 
included in their manors, and had oven proceeded so far ns to clear a thousand 
acres of forest and subdivide it into building allotments. They claimed the 
power to purchase the right of lopping Irom the riglit-holdcrs within their own 
manors. The right-holders, on the other liand, claimed thattlioirriglit extended 
over the whole forest, and not over any particular manor, and this view of the 
matter was eventually accepted by the High Court of Justice after a protracted 
judicial enquiry. Thus it was decided that the lords of the manors could not free 
their respective manors from the rights without satisfying all the right-holders 
in whatever manor they_ might reside. This decision saved Epping Forest from, 
being converted into building-sites, and the City of London eventually purchased 
all the manorial and lopping rights in the forost, the hitter for £1,000, and now. 
only rights of pasture and pannage are exeiciscd by the commoners. 

VOL. IV. 
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ave claimed in indefinite terms. It is hardly necessary to re- 
mark, that every claim must bo proved : the natural presump- 
tion is that the owner’s enjoyment is not limited — it is for the 
person who asserts a right to anj' use or produce limiting the 
enjoyment, to prove it. 

The forest estate should always j)ossess the means of referring 
to documents conferring rights, and if there is a serious doubt 
about terms, the sooner a judicial decision is obtained^the bettor. 
Nothing is gained by “ letting sleeping dogs lie ” — for in this case 
uncertain rights are not “ sleeping ” ; they always tend to grow 
more difficult to settle, and are ultimately fixed in a form that 
perhaps w'as never contemplated. 

It may be confidently stated that where indefinite rights exist 
all rational management is impossible until they are properly 
-defined. 

The forest owner has, in general, a right to share in the jiro- 
duce of the forest, along with the right-holders.' 

Attention should be paid (p. 64) to the legal i>rinciples 
stated, especially as regards the limitation of undefined rights 
to the actual needs of the person or dominant estate, and to 
there being no right (in general) to a surplus which may bo 
sold or turned to an extra profit. Also to the limit that cannot 
be exceeded, when the yield-powm- {j)ossihilit6) of the forest is 
in question. 

On the other hand it must be homo in mind that w’hilc the 
forest right-holder has his obligations and must submit to those 
reasonable restrictions which are necessitated by iJi’oper con- 
servative management, the forest oivner has a duty on his side. 
He cannot adopt special methods of management (however 
desirable in themselves) that would destroy the rights ; and the 
working-plans should be prepared with the express object of 
providing for such rights as exist, and which (especiallj’- in cer- 
tain localities) are almost indispensable to the welfare of the 
present population. 1 

New rights ought never to be allowed (by neglect, &c.) to 
grow up in forests even when there is no forest law which ex- 


* See Baden- Powell, "Forest Law,” p. 397. 
t See “ Forest Jjaw,’,’ j). 294^, where the correlative lights 
right-holder and forest-holder are discussed. 


and duties of the 
F 2 
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pressly fovbide such growths. Nor can the State or other omier 
grant new forest rights to tho prejudice of old and existing ones. 

8. Proiectirc Meamres. 

From the point of view of the forest owner, tho following 
measures are dcsirahlc : — 

(«) Clear demarcation of tho portions of tho forest burdened 
with rights, and those free from them or closed against them ; 
and maintenance of distinct boundary lines ; also indication by 
ditches or sign-posts, &e., of lines of right-of-way for cattle, A’C. 

(6) Careful record of rights-of-way, &c., use of •water, ns 
well ns those to ‘produce. "Whore there is a forest law, it is 
probably provided how this is to be done. Besides which all 
working-plans of the forest must contain a schedule of tho rights 
showing : — 

(i) Title-deed, or other origin of the right. 

(ii) Exact description of pemonal holder or dominant estate ; 
'and the exact name, &c., of tho servient estate or part of it 
affected. 

(iii) The extent of tho tight, land, number, quantity, quality, 
season of exercise, «fcc., &o. 

(iv) Tho mode and conditions of exercise, and -whother any 
particular duty is laid on oitiier side (c.fjr. providing a competent 
herdsman for tho cattle, providing cattle-bells, or the forest- 
owner maintaming culverts, &o., for a roadway). 

(v) Any pnjunents, or returns in labour, due to the forest- 
owner for the exercise of the right. 

(vi) A notice of any obscure or disputed points. 

(c) Careful wa'tcbing of the exercise of forest rights by the 
guardians and inspecting ofiScors. But the caution already 
Pfiven about irritating and vexatious interference should bo 
borne in mind. 

It is only necessary to add that where tho rights, are such 
that the forest is seriously threatened, then efforts must be 
made to get rid of them by covnnvutaiion . 

Section m. — S peoial Account op the several Forest 

Bights. 

i * ^ ^ 

This section is concerned WTth some rules applicable to each 
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particular land of right, for which purpose the following list of 
“ forest rights ” is given : — 

1. Woocl-Rif/hts. 

(fl) Building-timhor. 

(Zi) "Wood for industrial purposes and agricultural implements, 
(^c) Firewood. 

(d) Softwoods. 

(c) Dead, or fallen wood. 

(/) Lop and top. 

(</) Stumps and roots. 

(/() Windfalls and broken trees. 

(?) Dead standing trees. 

2. Rights to Minor Produce. 

(ft) Bark. 

(Z)J Turpentine and tar. 

(e) Leaf-fodder. 

(d) Grass (cutting or gathering). 

(e) Pasture. 

(/) Collecting acorns and beech-mast. 

((f) Pannage. 

(h) Litter. 

(i) Quarrying or digging pits for sand, gravel, turf, &c. 

(j) Gathering berries, wild fruit, hazel-nuts, fungi, &c. 

(k) Shooting and fishing. 

3. Sundry Riyhts (Easements). 

(a) Bights-of-way. 

(b) Bights to water, M’ater-channels, use of springs or wells, 

to water cattle at streams, &c. 

(c) Eights to float timber. 

(cl) Bight to burn charcoal, to stack wood, &c. 

1. Wood-rights. 

Under the above term is understood either a right to claim 
from a forest a certain fixed quantity of wood, or as much as 
may be necessary for certain purposes. Such rights may, or 
may not, be subject to certain payments to the owner of .the 
forest. It is generally stated -what kind of wood is the subject 
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of tlie right, thus, it may he building - timber, timber for 
implements, or firewood. Sometimes the title-deed merdy 
mentions “ necessary wood,” under which term firewood is gener- 
ally understood. The forest manager has the right of delivering 
the wood, and certain days may be fixed for its removal. 

A defined right to wood is fixed as regards quantity and form, 
and sometimes as regards species. 

When the species is not mentioned, the right-holder must 
be satisfied with wood of the prevailing species, provided it is 
suitable for the pm*pose required. 

An undefined right to wood is limited to the requirements of 
the right-holder or the dominant estate ; for instance, the actual 
house of the right-holder, not his sheds and farm-buildings 
(unless those are equitably included). 

The owner of the burdened forest must manage it so that 
the wood which is the subject of the right may continue to bo 
produced. For instance, where there is a right to building- 
timber, the forest cannot be converted to coppice. 

The right-holder may not sell his wood, but must use it for 
the purpose for which it has been granted to him. 

(a) Building-Timber. 

- The supply of building timber to right-holders should be fairlj' 
proportional to the number and size of the buildings which 
existed at the time of the acquisition of the right. Often the 
right only applies to wood for the exterior of the house, but 
may include wood for wainscoats, w'indows and doors. 

"When repairs to a building become neoessniy, a regular 
estimate of the requisite amount of timber should be drawn up ; 
and the wood must be used wdthin a fixed period. ■^Vhen a 
now house is being built, all still sei-viceable wood from the 
old house must be deducted from the estimate. It is usual 
for the right-holder to pay the cost of extroction of the wood, 
even though he pays nothing for the wood itself. In the 
Himalayan forests, right-holders usually fell the trees and 
convert the timber for themselves ; in some eases the right- 
holder is allotted annually a certain number of trees for house- 
repairs or building ; in other cases the right-holder is put down 
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as being entitled to what is needed on application, for the par- 
ticular work. Account has here to he taken of the ignorance of 
the people, and their ancient hut wasteful habit of preparing 
beams with the axe or adze — chipping away a whole stem for one 
beam. By loan of saws, and by issuing suitable beams ready 
prepared, it is hoped to overcome this defect, which leads of 
course to much waste of material. 

The work of the forest staff is considerably burdened by rights 
to building-timber, as the correctness of the estimates has to be 
tested, and the amount of wood gi-anted to be entered on 
special registers. It is clearly the duty of forest officers who 
manage large areas of State or municipal forests subject to 
rights for building-timber, to know thoroughly the customary 
forms of building of the locality and the proper dimensions of 
beams and other timbers used in the construction of houses, 
or they may be called upon to grant much larger quantities of 
timber than is necessary in particular’ cases. 

(b) TFooclfor Industrial Purposes. 

This right (as claimed) may be defined, or not, in its nature 
and extent. In general, it compi’ises timber required for ordinary 
agricultural and domestic objects, such as wood for carts, ploughs, 
hop-poles, vine-props, &o. Wherever the right is undefined, the 
quantity should be fixed, so as to correspond to the amount 
required at the time of acquisition of the right, extent of hop- 
garden, vineyard, &c. This right, if indefinite, interferes greatly 
with the development of the revenue of a forest. 

(c) Fircioood. 

Bights to firewood (as claimed) may be either defined or indefi- 
nite, and in the latter case the amount granted would he only 
what is required for the household of the right-holder, including 
such ordinary household requirements as heating, cooking, wash- 
ing, baking, drying fruit, &c. Eequirement for industrial purposes 
such as distilling, Ac., is not included. As a rule, the wood is 
prepared by order of the owner of the forest, and must be taken 
from all classes of firewood in due proportion, split and round 
wood, dead wood, stump-wood and faggots. Occasionally the 
I’ight-holder is permitted to cut and remove the wood, especially 
where it is brushwood or small coppice stuff. 
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In case a forest burdened ivitb this right should he damaged 
by some calamity (storm, insects, &c.), which causes an excessive 
yield in any particular year, then several years’ supply of fire- 
wood may be granted to the right-holder, in advance, but the 
latter cannot claim this as a right. 

(d) Softwoods. 

Where the right is to “ softwoods,” termed in France hois 
hlancs, in Germany Wcichholz, the question is to decide on 
the meaning of the term. It may be interpreted as including 
inferior soft-wooded species which are not the object of the 
management of the forest, and therefore only appear in trifling 
quantity, and can never get the upper hand under a proper 
treatment. The following species are generally included under 
this head ; — ^Aspen and other poplars, the sallow and other 
willows, limes, hazel, thorns and other shrubs, sometimes also 
alder and birch, even Scotch pine ; mostly frees which spring 
up amongst young growth, and are cut-out in the cleanings. 

(e) Fallen Dead Wood. , 

All dead branches and twigs lying on the ground, and 
refuse from fellings which the owner does not require, are 
generally included under this beading. In some cases dead 
branches are also included, which can be brolcen off bj' hand 
from standing trees. In many forests, dead standing stems 
up to a certain girth are also included, and stump -wood 
as well. The meaning of the term fallen dead wood must 
therefore be decided locally, but it is rarely taken to include 
saleable fallen timber. This distinction is thoroughly recog- 
nized in North-Western India. Cutting tools must gencrallj' be 
prohibited, but a Avooden rake may be allowed for collecting the 
fallen dead wood on the ground. If there is oulj* a small quan- 
titjr of dead AA'ood available in a forest, the rif»ht-holdor can- 
not claim other wood to make up a full supply. The sale of such 
wood is not usually permissible, as the sorA’itude is for house- 
hold requirements. 

itliin properly regulated limits this usage is only slightly 
hurtful to a forest. 
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(f) Lop and Top. 

This right is generally to the crown of a felled tree from the 
place where the stem is cut off by the woodman, at a certain 
fixed girth, and to the lower branches lopped off the stem. 
The right-holder cannot take possession of the wood until 
the stem has been severed from the crown. The only serious 
disadvantage caused by this right to the owner is that he 
cannot well manage his forest as Coppice, or Coppice-with- 
Standards, as the greater part of his produce would then go to 
the right-holder. 

If, however, the right-holder has the right of lopping the 
crown from standing trees, great injury will accrue to the 
forest. In such a case the right must not be exercised during 
the growing season, and only in compartments where the trees 
are riiifc for the axe, and at a certain height from the ground. A 
particular form of this servitude is the right existing in certain 
forests to’ lop birch -trees for brooms. 


fg) Stumps and Roots. 

This right is only admissible in High Forest, and the owner 
cannot then convert his forest into Coppice, or Coppice-with- 
Standards. 

Unless it is distinctly laid down to the contrary, the owner 
can fell his trees as low as he likes. The right must be 
suspended wherever its exercise would damage the forest, as 
for instance in seeding - fellings well stocked with young 
seedlings, on steep slopes -where landslips or erosion are to be 
feared, or on shifting sands. Sometimes the right-holder is 
under the obligation to fill up the holes made in extracting the 
stumps, and to sow or plant-up the ground. The right may 
also be limited to certain months, days, or hours. 

00 Windfalls and Broken 'Trees. 

The right may bo to all or merely to certain categories of thi.s 
material, wood broken by wiudj by snow, or rime (see p. 494). 
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Trees which nrc bent down, hnt mny recover themselves, arc not 
iiicludecl, nor are portions of trees still rooted in the ground. The 
right can only extend to single trees broken here and there, not to 
whole Avoods broken doivn and uprooted, ns occasionallj' happens 
by an exceptional stoi'iii or cnlamily which is not in the contem- 
lilation (naturally) cither of custom or a grant. The right-holders 
may use implements to convert the timber. This servitude is 
not of sylvicultural importance. 

(i) Dead Stnndhuf Trees. 

Poles and trees w-hich have died naturally nrc included in this 
class, and care must be taken to exclude all those which may 
have been killed intentionallj' by damage, girdling, SiC. This 
usage gives rise to trouble between the right-holder and the 
OAvner, as the latter u'ill cndcaA'Our to remoA'o d5'ing trees before 
they are actually dead,* and the former to claim trees not yet 
quite dead. To prcA-ent such contentions it is hotter to fix 
dcdnitoly the period at AA'hich thinnings of dead AA’ood can be 
commenced. 

As in tho former ease, aa-Lou n large extent of AA’ood is killed 
by injuries from storms, &o., tUc produce is not tbo property of 
the right-holder. 

2. Eights to hliKon Pnonucc. 

(a) Bark. 

In Europe this right is generally restricted to tho bark of 
trees yielding tannin, such as oak, spruce, larch and birch. 

The bark can bo claimed bj' the right-holders only from 
felled trees in regular fellings. The right may bo either' by 
quantity or by number of trees, or commensurate Avith the 
requirements of the right-holder. The OAA'ner must fell during 
the growing season when the bark can be easily removed. 

Lime-hark or bast for cordage and matting is sometimes the 
subject of a right, and then similar rules must be followed. In 
India, bark of Bctvla Bhojpatra is used for making umbrellas 
and paper, and the hark of many species of trees for ropes and 
cords ; all these may be subjects of rights. 
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(b) Turpentine nnd Tnr. 

Rights to tap the s]n’uco or the Austrian pine for turpentine 
frequently exist. The number am! size of the trees to be tapped, 
ns well as of the cuts to bo made in each, maybe denned, or not. 
In any case the usage must bo restricted to nearly mature 
woods, and there should bo a close-time between successive 
toppings of the same tree, the season during which the usage 
is permissible must also be fixed. As turpentine is usually an 
article of commerce, it may be in the nature of the right that 
there is no restriction to household requirements, nor as to the 
sale of the produce. 

This is a most hurtful servitude, ns tapping for tuiqmntinc, 
especially in the ease of the spruce, results in a loss of incre- 
ment, and lessens the quantity of timber in the base of the tree, 
and also iutiodttccs spores of fungi and insects into the wood, 
causing disease. 

(c) Leaves for Fodder, etc. 

This is the right to pluck leaves from trees, esiiecially for 
feeding cattle in stored and simple coppice. Implements 
may not be used, nor can twigs bo broken-off. If the demand 
for leaves cannot be supplied from the regular fellings, then 
certain compartificuts may be opened for plucking leaves as far 
fvpm the ground as the hands can reach, but only after late 
summer. 

In various parts of India leaves of forest spocies are used for 
cattle-fodder, for thatching, for wrapping up goods at a market, 
as plates, for making umbrellas, cigarettes, etc., or for manure, 
and sometimes these customs may have bccemc prescriptive 
rights. In such cases protective rules similar to the above 
should be enforced. 

Where foliage and branches arc lopped for litter or fodder-, as 
in the Himalaj-as and in other parts of India, where, owing to 
the absence during winter of fodder-crops or natural herbage, 
leaf-fodder is wanted, and a prescriptive right has been acquired, 
it is by custom limited to certain species, and certain protective 
measures oan-be adopted. These are : — 

(i) No lopping to take place till after the princiiral growth of 
the year is over. 
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(ii) To rcsti'Jct tJio usngo, as much as possible^ to woodj 
climbers and species of little value as timber-trees. 

(iu) To forbid the lopping of the loading shoots of tho trees, 
and to restrict tho lopping of side-shoots till they have attained 
certain dimensions and only to a certain height up to the stem. 

(iv) To give tho trees a rest so that the same tree is not lopped 
in two consecutive years. 

(v) Should the right apply to more valuable timber trees it 
should bo I'estrieted to compartments trhich will shortly be cut 
over. The use of leafy twigs and branches of ti'ces felled in 
the ordinary course cannot harm the forest. 

(vi) "VMiere the demands for this kind of fodder or cattle-litter 
are large, and cannot otherwise be met, a regular system of pollard- 
ing should be introduced, with a fixed rotation giving the trees 
time to recover between successive cuttings. Such a system 
prevailed iu Epping Forest prior to 1878, when the right 
was commuted. The loppings of hornbeam-pollards, of which 
this forest is chiefly composed, were not, however, only used 
for litter, but also for making fences,, hurdles, etc., and 
then a rotation of ten years was fixed ; in the foi'mer 
case annual loppings were the practice. There is now a 
marked difference between tho pollai'ds in the two cases, to 
the advantage of those lopped with a ten years’ rotation. 

Another case in Western India is the use of gi'ecu branches, 
termed rah, as manure in rice-fields. Sere similar i*nles should 
be adopted as long as this practice is allowed. 

(vii) In every case where leaf-fodder is used by right-holders, 
the people should be induced, us far as possible, to cut and 
preserve hay or ensilage, or to grow root-crops for the winter- 
fodder of their animals. Iieaf-fodder from forests will always 
prove a valuable resource when other fodder fails, as was the 
case in, France and Germany during the drought of 1898. 

Id) Grass for Fodder, Thatch, etc. 

Rights of cutting grass ore also of very common occurrence 
under the coppice systems, and they should be limited according 
to locality, time, ond mode of exercise, the limitations which 
prevail varying according to local law or custom. They can only 
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' commence at a certain age of the wood, and the close-time must 
be regulated according to species, and to specified days, when 
the forest guard can supervise the grass-cutting. Sometimes 
the grass must be plucked by hand, or sicldcs or scythes may 
be used- the latter instrument is evidently not admissible 
amongst H proporly mgnlatoa and suponisod, 

this usarre does little or no harm on moist fertile soil, and 
may even assist in fire-conservancy by removing a great source 
of danger, and also prove useful during the reproduction of 
the forest. It is also often usefully allowed as a compromise for 
grazing when that cannot be allowed, and yet the stoppage is a 

haidship. porest Pasture. 

This right allows the holder to graze his own cattle in a 
forest belonging to some other person, on the grasses and other 
herbage springing up in it. The right to cut grass is not 
included. The forest owner has the power of elosing certain tracts 
in his forest, but cannot introduce changes of the system of 
management which will prejudice the right. , , „ . 

The species and number of grazing beasts may be defined, or 
not If the species is not mentioned, animals such as the goat” 
and sheep, which are highly detrimental to forest growth, must 
be excluded, as in France they are by law, in spite of any right 
to the contrary. If the number of beasts is limited, sucklings 
are not counted in the total number admitted to graze. Should 
the number be undefined, as is generally the case, only so many 
bead should be admitted into the forest as can be provided for 
without serious injury to the forest.t Unless specially stated, 
cattle intended for trade cannot share in this right. The right- 
holder must engage a herdsman to look after his cattle and is 
responsible for his conduct. The beasts can only enter and leave 
the forest by authorised paths. The fencing of closed areas is not 
obligatory on the forest owner, although fences prevent much con- 
tention and farther his interests. The right of grazing his own 
cattle in his forest appertains, in every case, to the forest owner; 
unless the contrary is specially laid down ; but he cannot graze 

• The possibUity of prohibiting j?oa<s m India is discxisscd- in “ Forost Law,” 
t 332 “ Forest Law ” ns to the rules for fixing the mimbor. 
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them in portionR of the forest vitich sro closed to the right- 
holders’ cnttlc. 

(f) ylron/s, limh-Mmi and Fruits ffencralli;. 

The kind.s of fruits to he collected will ordinnril)' he specified in 
the deeds regnrding the right. The fnlleii fruit can ho ])ickcd-np 
only in conipnrtnicnts opened to the right, and on fixed days; the 
right-holder is held responsible for nil damage done to the 
standing-crop. Phicking the fruits, and the use of iron raltca 
to collect it, arc forbidden, and the usage must he limited to 
household requirements. Compartments, the fruit of which is 
rcqiiircd for natnrnl regeneration, con ho closed against this 
right, which doc.s not inclndo the right of iiannngo. 

These rights do little or no damage to the forest. 

(g) Pannape. 

This is the right to drive pigs into another person’.? forest 
to feed oil the ncoi'iis and hccch-nnts. See., ]}*ing on the ground, 
but the right of collecting the frnit by hand is not included. 

An estimate of the quantity of mast in any year on which 
the number of pigs to be admitted into a forest shoxtld be based 
must be prepared by an expert. The right-holder can only drive 
his own pigs into the forest, and the forest owner has an equal 
right. The pigs should he withdrawn when most of the acorns 
are eaten, or they will damage the forest. This sciwitudo docs 
little harm, but is becoming rare in Europe, ns stall-feeding 
of pigs is more profitable. Pannage is still practised in 
Epping Forest, about fifty pigs being turned into the forest 
every Michaelmas ; they arc all rinped. 

(h) Litter. 

Litter to which right-holders are entitled vnay he defined or 
indefinite in amount, and may also he of special lands ; dead 
leaves and moss, weeds, tfcc. — ^in short, the right to strip the 
surface of its covering down to the soil may he implied. 

An undefined right to litter means the right to take what is 
sufficient for the requirements of the right-holder, and in this 
amount, straw from his owu lands must he reckoned. Ouing to 
the prejudicial nature of this right on the fertility of the forest. 
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it must never be strctclicd so far as to include the whole of the 
litter a forest may contain. 

The necessary limitations as regards locality, time and 
manner of exercise of the right have been already given.*^ Sod- 
cuttiiig should never be allowed, except from blanks, as where trees 
are standing, the roots would be exposed by this practice. The 
exceptional hurtfulncss of this right to the productiveness of a 
forest, and the possibility that it ma}"^ lead to its complete ruin, 
render it most essential that the forest should be freed from it 
^ by purchase or otherwise. 

(i) Quai’rjiivf] or Diggiiuj Pits for Sand, Grnrcl, Turf, etc. 

Eights to stones, gravel, sand, turf, etc., in another’s forest can 
only extend to places where the standing-crop and roads arc in 
no danger from the right. Places for reception of refuse from 
the works, and export-roads must be designated. 

These rights, if properly regulated, can do no injury worth 
mentioning, to the forest. 

(j) Collecting Birrics, etc. 

This right is always unlimited in amount, and cannot be 
limited, as the produce is generally collected for sale. Except 
in the case of digging up truffles it is quite bannlcss to the 
forest, and need not be interfered-mth beyond fixing dates for 
its commencement and termination in any year. 

Truffle-hunting, which is carried on with the help of a special 
breed of dogs resembling poodles, must be, prohibited on the 
site of fellings, or amongst young growth. ^ 

(k) Shooting and Fishing, 

The right to kill game on another’s property has been 
abolished by law in Germany. This right is not there hound 
up with the ownership of the land, but is only permitted to an 
owner when his estate exceeds a certain area. It frequently 
happens, therefore, that the right of shooting on a number 
of small estates is leased in one lot, and the proceeds 
divided by the owners. In England, the Crown possessed 

* Page 43, 
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rights to the gome in certain manors, after it had parted mth 
the other manorial rights, or actual property of the land, hut 
these rights have now been surrendered, as in the Epping Forest. 
Baden Powell* states that in India no prescriptive rights to 
hunt in the Slate forests have ever been admitted; though people 
have always killed game in the forests, no right can have ordina* 
rily become customary, as it is not necessary to the eristehce of 
agricultural villages, or communities, as is the case with grazing 
or wood rights. The question of hunting, with rules for the 
protection of game during the breeding season and when imma- 
tm-e, is dealt with in different countries under special laws. 

Fishing rightst in forest streams may exist, and are dealt 
with by special laws regarding fisheries. These have chiefly 
reference to close-times during the breeding season ; and to pro- 
tecting immature fish by fixing a minimum- sized mesh where nets 
are allowed ; also to prohibiting the poisoning of streams, and 
other unsportsmanlike ways of catching fish. 

8. SuumiT Bights (Easements). 


(a) Riglits-of-Way. 


Bights-of-way if too numerous in a forest may tend to hamper 
the management, especially by causing danger from fire, and 
increasing the cost of fire-protection. It is therefore important 
to prevent new rights-of-way from arising by prescription, and 
where the law permits, to close altogether roads or paths which 
may have gone out of use, or others for which a more convenient 
substitute may be found. These rights may be subdivided into 
rights to footpaths, cart-roads, or drift-roads, I the second 
category sometimes including the third. 

In all these oases the question arises as to the legal breadth 
of the way, and whenever this is uncertain, it should he deter- 
mined with reference to the breadth of the way required by the 
circumstances of the case, and according to local custom': The 
right-holder whose cattle pass along a road to pasture, is 
‘ responsible for any damage done to the forest growth beyond 


1 SirLoHm of Game and ifisTi in tlio State forests of India 

h,tcStordVfeoeal of the diffcient Provinces. 

J: Sec “Eoicat Law,” p, SlS.If. 
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the limits of the road ; and, the owner of the forest according 
to circumstances may or may not be compelled to protect his 
forest by ditches, fences, or hedges. 

(b) Rights to Water. 

■ Eights to water-course generally refer, to the servient estate 
receiving the drainage water for a dominant estate, or allowing 
(not obstructing) the flow of (useful) water from the servient to 
the dominanti Sometimes it includes allowing a canal cut, or 
irrigation channel being taken across the servient estate, in 
which case the maintenance of the water-channel is the business 
of the right-holder. Eights to use springs or wells in another 
person’s forest, or to water cattle at them, all of which involve 
rights-of-way through the forest to the source of the water, are 
also included. 


(c) Right to float Timber, 

The kinds of timber to be floated should be specified and the 
owner of the stream has the same rights as the right-holders. 
The right of footpath along the bank of the stream may be also 
combined with this light, the breadth of the path being deter- 
mined by custom. In India this right is alwavs exerciseable 
only under the control of the State. 

(d) Rights of burning Charcoal, stacking Wood, d-c. 

The sites where the charcoal is to be burned or the wood 
stacked, must be pointed out to the right-holder, and also the 
roads to be used for expbrt, which should be as convenient as 
circumstances will allow. 



PART II. 

ritOTIXTlON AOAIKST AM.MAIA 


Ikthoductohv KnsrAiiKS. 

The question of tijo usefiilnesR or liuiirnlncss of wild animals 
intligonous in Europe may bo considered from n forest, ngri- 
cnltural, or sporting point of ^-icw. Under Forest Protection 
only tljo forest point of view will be considered, but even under 
this bending some difliculty will bo experienced, for the folloiring 
reasons : — 

1. The degree of utility or harm done by one and tbe same 
animal differs according to its ago, to local circumstances 
(season of the j’car, condition of tbo Avoods, &c.,) so that it is 
bnrdly possible to lay doAvu dcfinitolj' that certain animals are 
absolutely injurious, or useful. Thus, the fox, though a great 
enemy to barn-door fowls and game, may be very useful, especially 
in n hrond-leaA’od forest, which suffers more from rodents ,thnn 
coniferous Avoods. Thrushes and blackbirds in spring and 
summer feed mainly on AA'orms and insects, but in autumn 
chiefly on berries. The cuckoo and bats are always useful, 
AA*hile bark-beetles, the Nun-moth and other insects are abso- 
lutely injurious to forests. 

2. The utility of certain animals to forests may be direct, or 
indirect. Thus the jay may bo directly useful by canying 
about acorns, and dropping them in the forest, while certain 
mammals and many birds are indirectly useful by destroymg 
injurious mice and insects. 

3. The injury done may also be direct or indirect j the former 
consisting in damage or destruction to, forest produce, the latter 
in killing useful species. Most destructive kinds of animals are 
either Ty<ntrmnn,1a or insects, while birds are generally useful. 
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4. The amount of damage done to the forest depends on 
the species causing it, the local conditions, the season, 
&c. It is generally in inverse proportion to the size of the 
animal ; the little bark-beetle, on account of its rapid increase 
and steady working, doing more damage to a forest than the 
large red-deer. The woodpecker is a good instance of the 
difficulties of deciding as to the amount of harm or good done 
to a forest by a particular species. This bird is useful in destroy- 
ing numerous insects living in wood, hut it sometimes damages 
healthy trees by boring holes into them, while these holes may 
be useful if subsequently occupied by bats or starlings, but 
injurious if occupied by ring-doves. 

Protective measures in the case of animals may be either 
preventive or remedial, and will be dealt with under the follow- 
ing heads : — 

t Kodents other than ground-game. 

Birds. 

Insects. 

As already stated the present work can only deal in detail with 
European animals, but it may be mentioned that in India the 
Nilgai {Poi'tax jnctus) and the common antelope {Antilope hezo- 
artica) do much damage in co];)pices and plantations adjoining 
agricultural land ; whilst among birds, the pheasants and game 
fowls do similar damage to that by grouse in Europe. Eor a 
fuller account and especially of Indian forest insects the reader 
is referred to “Indian Forest Zoology,”* by E. C. Cotes, lecturer 
iu Zoology at Behra Dun Forest School. 


* Published by the Suporiutendent of Govcminent Printing, Calcutta, 1893. 
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CHAPTER 1. 

I’llOTIlCTION AGAINST GAAIi:. 

Sr:fTioN I. — Giini^kaij Accol’Xt. 

1. List of Jiijiirioiis Sjterks. 

Rcfl-door {Ccmis daphtis, L.) 

Fnllow-decr (Dtmius rulifuris, FroolO- 

lloo-deer (Cctriis faprcobis, L.). 

"Wild pig (."?//« scrnfa, L.). 

Hnro {Lepus timUhts, L.). 

llflbbit (Lrpiis cuniculiis, L.). 

2. I’tamagc by Game. 

Tho nbove-nnmecl nnimnls injure the forest by eating the fruit 
of trees, biting-off buds and young shoots, tranipling-down 
seedlings, brenking-ofV leaders, bending-down stems, barking 
jiolos, exposing and gnawing roots, and undermining the ground 
with burrows. Further details regarding the damage will be 
given under the headings of each species. 

Tho conscqucuccs of damage done by game consist in 
loss of increment, stunted growth, diminution of timber ns 
compared u-ith firewood, increased danger from insects, fungi, 
storms, snow, &c.. 

3. Preventive Measures. 

The chief preventive measures are : — 

(a) F ormation in High F orest of large, connected, regeneration- 
areas ; small clearings in which game has not sufficient room, 
and strip -fellings near thickets or poles where the game 
habitually remains, suffer most of all. For sylvicultural reasons, 
however, very large felling-areas are not permissible. 
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(h) Coveriug encliingered fruits, acorns, &c., in secding- 
fellings. 

(c) Avoidance when possible of autumu-soAvings, and prefer- 
ence of planting to sowing, the former with large and strong 
ti-ansplants. 

(d) Avoidance of the introduction of species specially liked hy 
the game. 

(c) Careful choice of system and great care in the manage- 
ment of forests containing game. 

(/) Care for the nourishment of the game hy : — 

Introduction of mast-producing species, oaks, chestnuts, &c., 
wherever the locality is suitable for them. 

Protection of softwoods (aspen, willows, &c.) in ciittings 
frequented hy game, and introduction of these if necessary. 

Cultivation of fodder-crops for the game. Oats, buckwheat, 
turnips, potatoes, clover, ttc., according to the sjAccies of game 
which is prevalent. 

Encouragement of a growth of grass in the forest ; stopping 
grass-cutting and pasture. 

Feeding the game in the depth of winter, and when there is 
much snoAV on the ground. Loppings of aspen, nillows, limes, 
or other softwoods form suitable food in winter. The animals peel 
the bark from these loppings, and eat the buds and young shoots. 

4. licmcdial Measures. 

(a) Substantial fencing of forest nurseries and cultivations, or 
of the game-preseiTe. The kind and height of the fence to be 
used depends on the mode of life and size of the game. The 
fences must always be kept in good order. Digging a ditch 
outside the fence Avill afford additional securitj’. 

(b) Specially valuable trees should be separately fenced-in, or ■ 

, protected by rough stakes with the jagged ends of branches out- 
side. Thorns, bad-smelling substances, or wire-netting may 
also be used. 

(c) Scarecrows may be set-up in endangered localities, or dogs , 
brought-in, blank-cartridges fired, &c. The scarecroAvs must be 
altered from time to time, as the animals get accustomed to 
them. 

{cl) Shooting-doAvn the game to a restricted number AA'hich 
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rjiOTKcn’iox aoatnst animals. 


cliinf rir need not Lo exterminated, and tUe 

fnr»f ‘ betivcen modern and old times consists in the 

imw tlio forest wns mnnngcd for the game, hnt 

lift ^ *** Recognised that tbo admissible quantity of game must 
ho proportioned to tbo interests of tbo forest. ‘ 


Section* II.— I?nn-DEEn. 

1 . Damage done, 

Tlio damage done by red-deer consists in eating fruits, 
browsing, peeling, rubbing, trampling, A*c. 


(a) Liatmg Forest Frmts. 

The icd-doer eats all kinds of fruits, but especially acorns, 
eec i nuts, ebestnuts, inonntain-ash berries, &c. Acorns are 
o en cateu-out by tbo doer with their fore-feet and eaten, and 
sowings may be thus completely ruined. 

(b) Browsing, 

The bito-olT buds and young shoots, chiefly from late 

autumn till spring, and occasionally devour foUago in the 
summer. ^ 

following species are preferred by I'ed-deer: aspen, sallow, 

+1 ** m** ’ ®am, beech,* maple, hazel, and amongst conifers 
the silver-fir and larch ; the birch, aider, Scotch pine, and spruce 
are least liked, hut different circumstances, such as a mixture 
01 species, system of management, growth of grass or supply 
fodder, greatly influence the degree of damage done in any 
particular case. Deer and cattle are fond of tasting new and 
foreign species introduced into a wood. 

In times of scarcity of fodder, young plants protruding through 

hrowsed-down ; in mound-planting 

this IB especially noticeable. 

browsed compared with 
ose growing m the open. Old stags and hinds do more 
damage than fawns, as they can reach higher. Southern and 
In the Ardennes, red-deer apjiorcntly leave beech alone. 
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■vs'estern aspects suffer more than northern and eastern ones, as 
the deer frequent the former in the winter. The lower pai'ts 
of the warm aspects bordei'ing on fields suffer most, as during 
winter the deer crowd together into such places. Here may 
he found those rounded, hush-like plants due to the annual 
formation of numerous side-shoots, exposed every year to the 
hite of the deer. The young plants also suffer much in 
frost localities, on account of their slow growth. Of great 
influence on the amount of damage done are the degrees of 
recovery shown hy certain species, due to power of reproduc- 
tion, rapid growth, and also to local circumstances. Beech and 
hornheam recover well from browsing, although the former does 
not reproduce well from the stool. The- ash shows less power 
of recovery, and so does the maple when bitten, also conifers, 
among which the silver-fir has the best power of recovery. The 
bite is, however, never clean, the deer having no lower incisors, 
BO that recovery is difficult. Obviously, quick-growing trees 
on a rich soil, make the best recovery. 

(c) Peeling Bai'k. 

The worst kind of damage done by red-deer consists in 
peeling the bark of trees, which is generally, but not always, 
eaten. 

The following species are thus attacked : — 

Chiefly spruce and oak. 

Less, the ash, silver-fir, beech, hornbeam, maple, hazel. 

Least of all, Scotch and black pines, larch, alder, and birch. 

Spruce, from 20 to 40 years old, and 15 to 20 years- 
old oak coppice-shoots are preferred, but spruce up to 60 
years old are also attacked. In the case of Scotch pine, after 
20 years the bark becomes too thick to be injured. Well- 
thinned compartments are preferred, as the deer can get about 
better in them, and prefer a sappy bark developed in the light. 
The stag does the most damage in this way. The stem may be 
girdled, or merely long strips of bark ‘torn-off; several strips 
may be torn from a single stem, but in the case of spruce, one 
strip only is generally torn from its sunny side. In the case of 
the oak and beech, the bark is often stripped-off in patches one 
above the other, as shown in fig. 20. 
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Tlio bnrk niny bo pooled in winter or summer. In the Intter 
enso, Ibo door bite tbroiigb the strij) of bnrk fioiii below, bold 
it witli their lectli, find then, walldng backwards, findmising Ibe 
bend, strip it ofl* in loii" pieces, wliicli cause serious woiuids iu 
the tree. TJioir leiigtb mn}* be C feet, and breadth from 2 to 


Fin, 21. 



{redweed, ) {reduced , )_ 

Oak Bapling. 18 — 20 yean Suniraer-peeling, Winter-peeling on 40 — 

olO, jieelcd by icd-deei. 50-ycar-oId spruce. 

6 inches, and they may reach down to the roots, but generally 
stop at about two feet above them. 

■Winter-peeling is generally less serious, the deer gnanang 
olf and eating pieces of the outer bark, leaving the bast and part of 
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the bavk between the bared strips. When deep snow is on the 
ground these wounds may be pretty high up the stem. 

Peeling is generally done in the morning after the deer have 
eaten a meal, and after rain, which softens the bark. 

The disastrous consequences of peeling consist in loss of 
increment and the formation of badly-shaped boles by the bulg- 


Fio. 24. 



Tniiisverse section of a Bpruce-stem peeled in .siiraiiicr {reduced). 


ing-out of the annual rings of wood, which lanj render the trees 
lop-sided as shown in fig. 24. 

Occasionally peeling gives rise to the formation of adventitious 
buds from below the wound, and frequently to decay, such ns 
red- rot in spruce, or Peziza Willkommii in larch. The stems 
which have been attacked become unserviceable except for fuel, 
and the tree often gets broken by wind or snow at or just above 
its injui’ed portion. Irisects, such as bark-beetles and wood- 
wasps, frequently attack the tree, which will die if comiiletely 
girdled. 

Such injuries to broad-leaved species are soonest healed in 
the case of the oak. In favoiu'able cases only little damage may be 
done, leaving small local traces of decay (figs. 25 and 26). 

The newly formed rings of wood, however, never, com- 
pletely repair the damage when the sapwood has been exposed. 
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though they may occlude it. Wounds of the ash also recover 



Longitudinal section of an oak-stem peeled fiom a to b, and occinded. 
{Nat. size.) 


Pig. 2C. 



Transvense section of same oak. e. Injured spot.' 


rapidly, although the ivood of this species is easily injured. 
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Beccli and hombeam recover witli greater difiicully, and the 
maple more slowly still. 

Amongst conifers tbe following scale is in descending order of 
power of recovery : — 

Silver-fir, larcb, Weymoutb and Scotch pines, spruce. Such 
a thorough recovery ns is shown in fig. 27 is very rare. 

The gravity of the damage done depends, in other respects, 

Fio. 27. 


Tiansverse section of n 60 — 80-ycar-oId spruce, 'ftliieh lias been occhulcil after 
being peeled by rcd-dccr. 



on the size of the wounds, the season, repetition of the injury 
to the same tree, age of the wood, and nature of locality. 
Summer-peeling is more injurious than winter-peeling, although 
in the former case the antiseptic nature of the outflow of 
turpentine is to some extent a compensation. 

At the commencement of spring most damage is done in this 
way. The younger the wood, the more fertile and moister the 
soil, the quicker the damage is repaired. 

Bark-peeling by red-deer is a new habit ; as long as mixed 
woods under the Selection system offered plenty of nourishment, 
the deer left the bark alone, but the present density of growth, 
which excludes grass, and the substitution of conifers for broad- 
leaved species, have rendered fodder scarce in the forests, and it 
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Fir,. 28. 



Sprnce saplings lulibeci by Ted-decr. 


is possible tbnt tlic deer 
cni tbc bnvk iticdtcinnlly, «s 
M’cII fts from biinger, and 
also partly from sportiveness, 

(d) Ihibhiwj nnd Slrikwff, 

'J'bc stags rub tbeir ant- 
lers against trees to remove 
the velvet at tbo end of July 
nnd August, generally bj' 
night, nnd they select for 
tbo puqiosc slender smooth 
poles of lime, aspen, sal- 
low, larch, Weymoutb-inne, 
silver- fir, ninplc, Ac., es- 
pecially when these species 
nro scattered among other 
forest growth. Scotch pine 
poles arc also much injured 
in this ivny by deer in 
the Ardennes. 

They also strike their ant- 
lers against trees at rutting 
time in September nnd 
October, and before thej’ lose 
them in March and April. 
The damage done in this 
way is less than by peeling, 
as the same trees serve over 
and over again for tlie pur- 
pose. It can I'eadily be dis- 
tinguished from peeling by 
the filaments of bark which 
occur on the W'ound, nnd by 
the hairs of the deer ad- 
hering to it, fi’om the deer’s 
habit of rubbing its neck on 
the peeled stem. 
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(o) Trampliurf. 

Damngo done 1)}’ li-ampliiig is confined to young growth and 
sowings of conifers ; 1 and 2-yenrs-old plants on steep slopes 
with loose soil suffer most of all, being frequently uprooted. 

(f) 'I'atal Amount of Dnmnrfc. 

^lore experience is required regarding the total amount of 
damage done to forests by red-deer. A forester who is at the 
same time a sportsman, should endeavour to ascertain clearly 
the amount of sacrifice of income his sport involves, so that 
he may be able to hcc]) the number of deer within proper limits. 
Until the damage done under certain circumstances has been 
properly observed, sympathy with sport, or antipathy to it, give 
the question a wide range. It may not be possible to estimate 
the proportional amount of damage done respectively by 
browsing, pooling, trampling, &c., but in a forest frequented by 
deer, certain compartments might bo fenced and others left 
open, and comparative yield-figures aecortained, from which the 
extent of the damage done, in the latter case, may be deduced. 


2. Protective Mcasurcsi. 


Besides the general rules given above (p. 84), the followin"- 
special rules relate to red-deer : — 


(ft) 


Maintenance of a Moderate Number of Deer. 


As the term moderate varies with the species of tree grown 
the system of management, locality, nature of boundaries and 
grass-production, it is impossible to give good average fi<rurcs 
According to Hartig, on 2,500 acres of forest the stoch of 
deer in the spring, before the young are born (May to June) may 
he as follows : — ^ ^ 


Broail-havcd 

Forcit. 

I Jtcd-dccr. 

Forests borcloiing on other forests 8 

Jlcd-dccr. Rocs. 

Forests bordering on fields , 4 and 8 

Forests surrounded by fields . 2 and 8 


ConiferoMs, 

Forest. 

Rcd-dccr. 

12 

Red-decr. Rocs. 
4 and 1C 
2 and 12 


Remarhs. , . 

Besides a cettain 
number of roe- 
deer and wild 
pigs. 
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Ratzcburg considers 16 red-deer per 2,500 ncres the proper 
number. 

Prince Charles of Schwartzenbiirff states that in Bohemia 
15 to 35 bend of red-deer are admissible, and places one red- 
deer ns equal to two fnllon-dcer or four roe-deer; but these 
figni’es approach those for n forest overstocked with deei*. 


(b) SitJJicient Fodder must be Stqyplicd to the Peer iu Winter. 

Oats, tarnips, nconis and chestnuts are best. Feeding only 
with bay or leaf-fodder causes the deer to fiill-oft' in health, and 
prevents the formation of good antlers, whilst acorns are best for 
the latter. The fodder should not be given on fclling-nrens, 
nor near recent thinnings, as the deer loiter about near the 
feeding-places niid cause damage. 

(c) Fences affahist Red -Deer 

Should not bo less than' 7 feet in height, and on slopes another 
foot may be added to prevent the deer from leaping the fences. 

% 

(d) 'I'o prevent broteshtg 

Young forest growth may be sprinkled with blood and cow- 
dung, or open jars full of blood bnz'ied in the ground. Coal- 
tar ma3’^ be lightlj’’ painted on strong young conifers, excepting 
the buds. It is best done by passing the shoots lightty through 
the hand covered by a tarred glove. This should be done from 
September till November, and repeated when necessary. The 
spruce stands this treatment less well than the Scotch pine, and 
broad-leaved species suffer from the practice. The cost is not 
high, about 2s. Gd. an acre, including the purchase of 6 lbs. of 
tar. A woman can tar SOO plants in an hour. 

Broad-leaved species may be daubed with the following 
mixture : — 

Carriogo grease . • .5 lbs. 

Petroleum . • • • 2^ quarts. 

Alum . . • . ^ lb. 

Tallow . . . . . lb. 
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This gives cnougli for GOO plants. Plants may also ho limed, 
the terminal hnds being smeared with a brush dipped in M’hitc- 
wash. This costs for silver-fir Is. Grf. per 1,000 plants, or 
2s. 4d. an acre ; 10 lbs. of limo are required for 1,000 plants. 
A woman can lime about 500 plants in a daj' on a slope, and 
3,000 plants on level groxind. This gives hotter results than 
tarring the plants, and the lime apparently docs them no injury. 
Refuse hemp may also be lightlj* placed over plants, ns it clogs 
the teeth of the deer and has proved efficacious. 

(e) Meamirrs to pret'cnt peeling. 

Delay thinnings, so that deer cannot penetrate amongst 
saplings. 

Pieces of rock-salt should be scattered about for the stags to 
lick, or the following composition : — 

Oak-galls . . . . 1 lb. 

Salt . . . . . 1 lb. 

Clay 8 lbs. 

Anise .... A little. 

The galls should be Istrian, which cost 50s. a cwt. Each jiieco 
suffices for 100 acres of forest. 

Beasts detected peeling bark should be shot, ns young deer 
soon follow their example. 

(f) Measures to prevent rubbing, etc. 

Valuable exotics, etc., can be protected against rubbing by 
smearing them with certain compositions up to 5 feet in height. 

Such a composition is a mixture of lime, blood and sulphur. 


Section III. — ^FAiiiiOW-DEER. 

The damage done by the fallow-deer is of a similar nature to 
that by the red-deer ; it perhaps does more harm by bruisin" 
and trampling, as it is very rescless, and particular about its 
food. However, it never peels in a wild state, only sometimes 
in fenced parks. The fallow-deer rubs its antlers at the end of 
August and in September, and strikes the same species as the 



i*nori:(TTioN aoaixst A^'IMAI.s. 

ro<l-(lcrr. TIk* j>rotfrl5v<' rules nre ilie snnie, except that 
procnulioufi «pjnii‘>t jjfi'lin" nrc imiicccss-nry. 

Si-.CTiON I V. — 

3. Damnift' doin', 

J3csi(lcs Ijcrlm^c, tin* roe enls Ijceeli-inasl, nconis, wilrl fruit, 
and tlie cotylcil<»jis of lieccli iind onk nnd in winter 

1*rowp('s on the Inids lunl shoots of nenrly every sju’cies of tree, 
cspi'finlly \onn" jihint*;. iind in summer on fresh younfj shoots 
nnd t<Mider folin^e. 

Tile hdlowin^ speeii-s nre ]»referred : — Onk, hercdi, mnjde, nsh, 
elm, hortihenm, iisjnn, snllow nnd silvcr-fir, ninl least of nil lurch 
and aider. Youn;* jjlniits one or two yours old inny he entirely 
de\oured. I'>\«itio sju'uies and those orcurriu" rarely in a wood 
are jireferred. 

Sunny aspects where the roe stays in winter sutler most. 
(Specially on p<Ktr soils. Tlio roe rnhs its horns in March and 
April on siuooth'liarhed snjdiii^s about a tinker’s thicicness, and 
strike.^ its horns on poles in rtiltin^*timo at the end of duly 
and August, nnd before losing them in November. Larch, 
M'oymonth-pine, aspen, linif, and motmtnin-ash are most 
exposed to these injuries. 

In places where roe-deer crowd together, they trnmple-dow'ii 
many seedlings. The roe is relatively worse ns a forest htowscr 
than the red-deer, as it is very duintv and tears the shoots like 
a goat ; hut on account of its small size, and as it abstains from 
peeling trees, it docn a less nhsolnto amount of damage. 

*2, J’roti'ctlvc IXuU's. 

Irrespective of the general rules gl>en, the following hold 
good for roo-dcor. 

Suitable fodder are oats, acorns and foliage ; they oat hay only 
as a last resource, when it is given (juitc dry and Imug up in 
little bundles \mdcr the shelter of trees or thatched coverings 
nnd not strewn on the ground. Lopping branches of silvcr-lir, 
aspen, sallow*, etc., in winter is very useful. ^ 

I'cnccs against roe-deer neexl onl}* he 5 to C foot high. 

Scare-crows are of little good, as the rocs soon become 
accustomed to them. 
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Smearing dang, petroleum, or asafoetida on cultivations is 
irseful. 

Young coniferous cultivations may be tarred, as for red-deer, 
but with deep snow it is better to lime them. The cost of tarring 
is 5d. to R^ci. per 1000 plants, at a daily wage of 7d. to 9rf., 
and -tar at Is. dd, per cwt. 

To protect exotics (Douglas-fir, &c.), saplings may be 
encircled at about 1|- feet from the ground with a piece 
of paper as broad as the band, fastened with string, or 
they may be surroimded with thorns, or by three jagged 
stakes. 

Section V. — ^Wild Pigs. 

1. Damage done. 

The wdld pig does damage similar to that done by the tame 
pig, which has been already described, besides pulling-up fresh 
transplants, and destroying mound-planting, and birds-nests. 
As regards sport,-it does much harm by killing fawns, leverets, 
etc. 

Of late, in the Lower Bhine districts, pigs have so largely 
increased in the forests, and do so much damage to the agri- 
cultural crops, that it has become necessary to hold battues, and 
fix a price for their destruction. From a forest point of view, 
however, wild iiigs do much less damage than other game. 

They may, however, do a considerable amount of good by 
brealdng-up the soil, burying fruits and seeds and by the destruc- 
tion of mice and hurtful insects. 

2. Protective Rides. 

Feeding with turnips, potatoes, oats, peas, acorns, wild 
fruit, etc., so ns to keep the pigs from injuring forest plants. ^ 
Fences against pigs should be about 6 feet high and strongly 
built. 

Traps can be ''used to catch pigs. A pit about 6 feet 
deep and broad is dug with walls vertical or even sloping 
inwards. A light covering of poles, brushwood and moss is 
covered with soil, dead leaves, etc., resembling the litter 
voii. rv. . ■ . H * 
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on thp ground. Such traps should be inndo near wallowing 
places in the breeding season (November to January). In 
inalcing these traps the greatest care must be talccn, the work- 
men must not smoke nor eat their food near the trap, and the earth 
dug out must be removed to some distance. Another e.\eellent 



Sobinia gnawed by bare (iiaf. six). Beech gnawed by hare (naf, sue). 

method for catching wild pigs is described in the “ Indian 
Forester,” vol. xi., p.'SSO. 

, Pigs, when numerous in woods bordering on fields, must be 
kept down by shooting. 
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Section VI. — Habes. 

1. Damage done. 

The hare injures woody plants in winter by biting and gnawing 
their hark Bads and young shoots of beech, hornbeam, elm, 
ash, maple and aspen are chiefly bitten, the conifers less, and 
spruce and Scotch pine least of all. 

As the hare affects cei'tain localities, the damage is' restricted 
in area, but very extensive where it prevails ; so that a single 
hungry hare may cause considerable damage in young growth of 
beech on sunny situations, Avhich it frequents in winter. The 
shai’p teeth, cutting in pairs, give very distinct markings on 
plants attacked by hares. 

As regards peeling, the one-year-old shoots of the robinia are 
frequently stripped of bark, and the wood gnawed as shown in 
fig. 80. The hare frequently damages fruit-trees in orchards, 
chiefly the apple, next the cherry, and least of all the pear. 

2. Proteetive Rules. 

(a) Fence-in nurseries with hedges or dead thorns, or with wire 
netting 4 feet high, 

{b) Bind fruit-trees from November till April with thorns, 
branches of conifers or wheat straw. 

(c) Fruit-trees may be smeared with stinking substances, A 
mixture of 10 quarts of bullock’s blood, i lb. of asafeetida dis- 
solved in warm water, and some lime and cow-dung may be 
used. 


Section Vn. — Rabbits. 

1. Damage done. 

Rabbits, which are chiefly found on hilly and sandy ground, 
do the same kind of damage to young growth as hares, besides 
injuring the roots of plants by burrowing. They are not nearly 
so destructive in biting off young shoots as by gnawing at the 
bark of plants. The seedlings of the Scotch pine, the chief 

H 2 
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species on sniidy soils, snfTcr most of nil, and next to this 
spruce. 

As regards gnniving, nonrly all species suilcr, chiefly horn- 
beam, ash, robinin, nspon, sallow, hazel and fruit trees. Xot 

oiilj’ is young growth attacked, but 
where rabbits arc numerous, and 
when the ground is frozen or covered 
with snow, the base of large beech 
and other trees is barked, and the 
trees may bo comijlctelj* girdled. 
From experience in 'Windsor Forest, 
which is overrun with these pests, 
so that the underwood, so vnluablo 
in oak forests, which was plentiful 
twenty-five j'onvs ago, has now dis- 
appeared over large areas, the syca- 
more appears to sullerless than other 
species, and rabbits will not touch 
liho(Jo(J end roil iionticum, which 
sometimes forms a dense uiidor- 
W'ood in parts of the forest infested 
by them. 

By burrowing, rabbits do much 
harm to cultivations and 3'oung seed- 
lings. Hares avoid places frequented 
by rabbits. 

2. Profcctil'c Measures. 

(a) Protection of foxes, pole-cats, 
martens, stoats and weasels, which 
are the natural enemies of rabbits. 

(b) Careful fencing 4 feet high, and 
Willo^v gnawed by rabbU, "se of wlro-netting buried partly in 

(nat. aiM). the ground and sloping outside the 

area to bo protected. 

(c) Valuable trees may be bound round uitli thorns or wire- 
netting, or their bases smeared with coal tar. 

(d) Use of traps or poisons, or smoking-out the burrows with 
siQphuc. 


I ir.. »2. 
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(c) Ferreting, the ferret being merely a domesticated variety of 
pole-cat. This is usually followed from October till the end of 
February, when rabbits do not generally have young. The 
ferret is sent into the burrow, and a net placed at its opening 
into which the rabbits run, or they may be shot when driven 
by the feiTet out of their burrows. 

Section YUE. — ^Bears, Beavers and Porcupines. 

The bear and the beaver are two animals now almost extinct 
in Central Europe, but which formerly did much damage to 
forest trees. 

In the Himalayas, the black bear {Ursus tibctanus) peels the 
bark from pines during the winter. Beavers {Castor fiber, L.) 
arc still pretty numerous in Bussia and Scandinavia, in 
North America, and a few still exist in France in the 
Rhone Valley. They fell and bark many species of trees up 
to 9 inches in diameter, chiefly wdllows and poplars, but also 
ash, oak, and elm growing near streams. The trees felled are 
used by them in constructing dams to protect their dwellings, 
and they also eat the bark. The porcupine {Hystrix sp,) is 
vei-y common in Indian forests, and girdles saplings and poles of 
various species, especially of Leguminoste ; it does much damage 
in forest nurseries by burrowing, and by devouring seedlings and 
vegetables. It should be excluded by strong wure-netting, partly 
buried at the foot of a fence, as in the case of rabbits. 
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CHAPTER 11. 

rilOTEGTION AGAINST OTHr.Il IlODEh'TH. 

Section I. — Genekal Account. 

1. hist of Tnjtn'ious Species. 

Squiirels (Scivrhla:). 

The commou squirrel (Sciurits rnUfaris, L.). 

Dormice (MyoiidfcV 
Tlio loir {Myoxus ylis, Sclireb.) 

The common dormouse (il/. m'dlatiariits, L.). 

The garden dormouse (il/. qitercimis, L.), 

Mice (Mtiridfs), 

The common Avood-mouse (Jim siJvaticus, L.). 

The long-tailed field mouse (iiT. agra7’ius, Pall.). 

IWes (Arvicolidic). 

The water-rat (Atricola ampliibhiSt Desm.). 

The field vole, or short-tailed field mouse (A, ftgres{is,hlRS.). 
The southern field vole (A. arralis, Selys.). 

The bank vole (Hyjnidmts (A.) glarcolus, "Wagn.). 


2. Damage done. 

The above-mentioned animals damage the forest by eating 
fruits and seeds, and gnawing young growth, breaking-oflF young 
shoots, eating buds, peeling bark, and buiTou’ing in the ground. 
Mice and voles do most harm, on account of their destructive 
voracity and their enormous powers of breeding. lYoung growth, 
sowings and plantations are often completely destroyed by them- 
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The damage done by squivvols and dormice is not so groat, 
being condned to individual plants, and thoso animals do not 
become so numerous as mice and voles. 

' 3. Protective Rules. 

Proper i>recautions must be taken in the reproduction, tending 
and utilization of woods. Enemies of those animals must be 
spared. Shooting, tapping, poisoning may be resorted to. 
More detail is given separately for each kind. 


Section n. — ^T he Squimiel. 


1. Damage clone. 

The damage done by squirrels is greater than is generally 
imagined. They cat fruits and seeds, cotyledons and buds, and 
bite off young shoots, remove bark, and destroy eggs and young 
birds. Their utility in destroying beetles, larvtc of saw-flies 
and other insects, does not compensate for the harm they do. 


Fro. S3. 


(a) Destruction of Fruits and Seedlings. 

Beech-nuts, acorns, hazel-nuts and seeds of spruce constitute 
the chief food of the squirrel. Besides these, it eats seeds of 
other conifers, fruits of hornbeam and maple 
and of mountain-ash, and wafaiuts, ax>ples 
and other garden fruits. A large proportion 
of the annual supply of fruit may thus be lost, 
and in coniferous woods, natural reproduc- 
tion may be greatly reduced. 

Fig. 33 shows how the hazel-nut is at- 
tacked by this little animal, and figs. 34 and 
35 how the scales are strapped from the spruce 
cones so that it can get at the seeds. Heaps 
of broken scales from cones lying under the trees show how 
busy the squirrel has been. 

More harm again is done by the squirrel digging out seeds and 
cotyledons from the' ground, and biting off' cotyledons of the 
beech in seed-beds and reproduction-areas. It also uproots 
young oak-plants to get at the remains of the acorns. 



IlazeUnut opened by 
squiiTcl. 
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Indinn Bquivrcls have similar proclivities to the above-men- 
tioned species and sometimes completely strip trees of their frnit, 
besides being very dcstrnctivo to peas, &c., in vogetnblc-gardous. 



Spmcc-conc etripped o! wailca liy Portion of sprncc-cone .rttnoked l.y 

Rqnirrol. squirrel. 


(b) Eatiuff Buds and Biting off Twigs. 

As regards buds, the squirrel prefers those of the inflorescence, 
which arc richer in nitrogenous substances and more nourishing 
than the foliage-buds. Spruce and Scotch pine are preferred, 
hut silver-fir is also attacked in this way. The destruction of 
these buds, in snoivy winters, may entirely prevent see rom 
being produced. The methods pursued by the squirrel in eating 
the buds dilfer according to the age, height, and strength o 
the plants attacked. In plantations and thickets from 1 to o 
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feet liigli, wliicli are not yet provided with flowering buds, the 
squirrels bite-oft’ the top of the previous year’s shoot, and the 
side-shoots of the last verticil, the buds of w’hich are also eaten. 
Scotch pine injured in this way, develop new leaders from buds 
just below the point of attack, whilst in the case of spruce, an 
uninjured side-shoot froin the last verticil becomes a leader. In 


Fig. 36. 



a. Points where twigs are bitten-off. b. Bases of bitton-off buds. 

f 

the case of poles and trees of these species, the squirrel bites-off 
the most external little shoots on which are the male inflorescence- 
buds, and then, holding the twig with its fore feet, goes back to 
the branch to eat the buds. It then lets the twig fall to the ground. 
Probably the female inflorescence-buds are eaten as well, and 
very few cones are formed on trees where squiiTels have lived 
during the winter. 

In the summer also, shoots of various lengths up to 8 inches 
are bitten off spruce trees by the squirrel and gnawed, as at this 
time there are no seeds or buds to eat. 
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(o) J*celhiff aiirl GiriUmg. 


The peeling and girdling of young plnnts of larch, Scotch 
Fm. JO. silver-lir, also of hecch, bom* 



I 

Girdling of Scotch pine 
by squirrel. 


beam, aspen, willows and oalc hare been 
noticed, but are fortunately rare. Plants 
fifteen to thirty j'cars old suffer most, 
but also sixty-years-old woods. This is 
done from May to July chiefly in drj' 
years. The damage is done to tbo stem in 
the crown where the squirrel sits, and is 
sometimes in rings or spirals, at other 
times quite irregular ; ns it goes doivn to 
the sapwood, the injured stems may die 
above the peeled place, ns they do some- 
times by hundreds. 


Fio. 38. 



Spiral girdlings of Scotch pine by squiirel' 
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(d) Destruction of Young Birds, 


During the breeding season 
attacks their young, killing 
them and eating their heads. 

(e) Proteetioe Rules. 

Protection of the pine- mar- 
ten (Mnstcla inartes), a great 
enemy of the squirrel. 

Shooting, in spruce seed- 
years, and near nurseries. 

Section III. — Dokmicb. 

1. Damage done. 

Dormice are squirrel-like 
animals, with bushy tails, 
and as they move about 
at night, chiefly in broad- 
leaved forest, it is difficult to 
state precisely the amount of 
damage they do. 

The loir {Myoxus glis, 
in German, Sicbcnschldfcr), 
the largest European species 
of dormouse, is found in 
southern Europe, but not in 
the British Isles. It feeds 
on mast of all kinds and also 
on spruce and other seeds, 
and orchard-fruit, bites-oft’ 
the leading shoots of beech 


of birds, the squirrel frequently 



Girdling of older (41), birch (42) and 
beech (43) by dormice. 


and silver-fir, and in spring, barks young stems, and robs 
birds’ nests, doing injury of a similar nature 'to squirrels. 

It collects a inovision for the winter in holes, but passes most 
of this season asleep. , Barking is done in strips, or rings, on 
ten to twenty-five-yenrs-old trees of beech, hornbeam, hazel, etc., 
also larch and silver-fir. 
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'J’ho loir also hitos-olT spnice-sliools in order lo striji tlictn of 
their noedlos jnid chew litem, spiltiiij' out the debris. 

'J’he "iirdun'donnouse (.1/. ijiicrcititm, L.) is rarer than the 
former, hut has a similar hnhitnt, fjoiiifi, however, further 
north ; it is fund of orehiird-friiit, and also ntfachs forest fruits 
like the loir. 

The common dormouse (M. nreUmtnriui*, L.) ehiefly inhnbils 
coppice, especially hazel-coppice, and is found all over Kuropc, 
from Sweden to Northern Turkey, hut is less common in the 
south than the other two species. It does himilar damage to 
them, hut oil a smaller aeale, and owing to its fondness for 
hazel-nuts, is termed Ilazt'hnam in Germany. 

2. Proterlirc JiulcK. 

Protection of the pine- and hcech-mnrtens (MvsicUi foim). 
Dormice may he caught like rats in iron trn))s baited with 
bacon, or for the last species, in wire traps witli almonds ns a 
bait. 

In Cnriulhin, the caiiturc of the loir is actively pursued, its 
flesh, which becomes very fat in autumn, being eaten, while the 
skins are exported, ns many as 800,000 being captured in good 
years of bccch-must. 


SitcTios IV. — Jlicn. 

1. Damage done. 

Forest mice, especially the long-tailed ftold-mousc {Hus sil- 
raticiis, L.), and to n loss degree JMus agrarius, Pall., are very 
destructive by eating forest fruits and seeds, biting and gnawing, 
burrowing in the ground and killing small birds. 

Beech and oak-mast and hazel-nuts arc chiefly eaten, and 
autumn-sowugs suffer more than those made in the spring. 

In winter, and when the snow' is on the ground, they gnaw 
buds, tender shoots, bark and. sapwood of young forest plants, 
from 2 to 16 years old. Broad-leaved species chiefly suffer, 
such as hornbeam, beech, ash, maple, hazel, sallow, and also 
oak, elm, aspen, etc. Handsome thorn-trees are often girdled 
by them. They gnaw the bark of plants up to 8 feet and 
higher from the ground, somewhat higher than voles, from 
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wliicli they can be distinguisbed in this way. Young stems up 
to 2 inches in diameter at the base are often gnawed tbrongb, 
and promising cultivations are thus ruined. 

By their burrowing, many plants are uprooted and die, but 
this kind of damage is done on a much greater scale by 
voles. 

Mice are cbieflj' destructive on sunny aspects in young woods 
full of grass undergrowth. Their powers of reproduction in dry 
summers are quite extraordinary. 


2. Protective Rules. 

These are about the same as against voles, and will therefore 
he given in full further on, but as the long-tailed field-mouse 
lives in foi-ests throughout the year, it is more difficult to 
ward against its attacks than against those of voles, which come 
from the fields into the forest during winter. The chief remedy 
is to protect its enemies, the stoat, weasel, fox, owls, etc. 

Section V. — Voles. 

Voles are distinguished from mice by their thicker, shorter 
head, by having ears buried in their fur, short legs and tail, 
true mice having a pointed head, large ears and a long tail. 

1. Damage done. 

Voles in daytime live chiefiy in the soil, into which they 
burrow in all directions. Then- burrows are just below the 
surface of the ground, and by burrowing in forest nurseries, 

. plantations and natural regeneration-areas, they uproot thou- 
sands of plants and injure drains and ditches. They are chiefly 
vegetable eaters, devouring fruits and seeds, cutting through the 
roots of young plants in the ground, gnawing their shoots, but 
they also attack young birds. 

During winter they gnaw the bark of plants chiefly of broad- 
leaved species from the collum up to ten inches, or as far as 
the '■‘5 reaches, in strips or rings. 

much more rapidly than mice, the southern field- 
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vole (A rv icola a rrn 1 1 s, Solys.) ' 
being es pccin] I3’ roprofluoli ve. 

'riio wdtor-volo (/I. HVi- 
phihhts, Dcsm.)» nnd the com- 
mon ficlcl-vole (^-I. tnjrcstis. 
Bins.), do the most dnmngc. 
The water-vole lives not only 
near water, bub also iu tlio 
forest, nncl does initcli dn- 
muge bj' burrowing, and by 
cutting-off the tnp-root of 
stems ii]) to the thickness 


Fio. 41. 


Tio. 15- 


rio. 40 






JBeecIi gnawed 
by mice [nat. size). 


Alder gnawed 
by mice {not, 
size). 


Apple-tree gnawed by hates (o 6), and fay 
mice (p e) (tiaf. size). 


. * Abont scTenty-fire per cent, of them are ? , and a inotltar vole has eight tc 
ten young erery six to eight weeks, fiom. March till late iu autumn. A ¥ 
begins' breeding when eight weeks old, and may liave 10,000 descendants 


in a year. 
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of a man’s arm, which naturally kills them. Oak and ash suffer 
most in this way, also poplars, willows, apple-trees, etc., less 
beech and conifers. The water-vole also frequently injures 
banks and dams ; it has done much damage in the forests 
. occasionally inundated by the Danube, but is fortunately never 
very numerous. 

The bank-vole {Hypudaiis glareohis, Wagn.) is extremely 
active, and chiefly inhabits the borders of forests, bushy land 
amongst fields and forest glades with advance-growth, rather 
than dense forest. It gnaws larches, black pines, aspen, and 
other trees and shrubs, and eats and carries off the pine-buds. 

The common field-vole {Arvicola agrestis. Bias.) is the 
greatest scourge of the agriculturist, and comes from the fields 
into light forests, where it does enormous damage. In the 
winters of 1822-23, 1830-31, 1840-41, 1856-57, 1861-62, 
1863-64, 1870-71, 1871-72, 1872-73, 1878-79, this species 
was chief among the swarms of mice which destroyed the crops 
on thousands of acres in Germany. The destruction is greatest 
when it collects in swarms and wanders from place to place. 

A description of the damage done in 1814 by this species and 
the long- tailed field-mouse is given in Nicholls’ account of the 
Forest of Dean. They destroyed all the young oak-saplings in 
the forest except four or five per acre, eating through the roots 
just below the surface of the ground. The long-tailed species 
was chiefly found on wet ground, and the vole everywhere. To 
exterminate these pests, trenches 2 feet deep were dug 20 yards 
apart, and 100,000 tails were brought in for reward. Polecats, 
hawks, kites and owls inci'eased enormously, and the mice ate one 
another in the trenches. Much damage was also done by voles 
in the Lowlands of Scotland in 1891—92. This species prefers 
hornbeam, beech, ash, hazel and sallow, but it also attacks all 
broad-leaved species as well as pines and larch. It is specially 
fond of white-thorn. Young plants two to five years old are 
gnawed through at the surface of the soil, or peeled of bai'k, or 
bitten through above ground, or stripped of their side-shoots. 
Older plants and even poles up to 10 inches in girth are 
stripped of their bark up to a foot from the ground and killed. 
"Voles strip the scales from the fir-cones and eat the seeds, they 

* Published by John Murray Albemarle Street, London, 1858. 
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also eat grass with its rhizomes, thus destroying extensive 
pastures. 

The southern field-vole living on the confines of forests in 
well-watered situations gnaws the roots and bark of beech and 
other trees in hard winters. 

The only use of voles is that they eat larvas, snails and slugs. 


2. Protective Rules. 

(ft) In years when mice are abundant, autnmn-sowings, 
especially on a large scale, should be abandoned ; in any case, 
plenty of seed must be sown, and covered deeper than usual, but 
it is better to sow late in the spring or to use transplants. 

(b) Forest nurseries should not be made near fields, and 
broadcast-sowing in seed-beds is preferable to sowing in drills. 
Small pieces of furze may be placed between acorns or other 
seeds in the nurserj’-beds. 

(c) For sowings in the foi*est, the following precautions are 
recommended : — Soaking the seeds for half an hour in a 2 per 
cent, solution of carbolic acid in water ; 10 per cent, of the acid 
will kill the seeds. Acorns may also be soaked in a decoction 
of quassia. The seed-beds may be covered with a layer, 2 inches 
thick, of old tan or spruce branches, or strewn with calcium 
chloride, which is also a protection against certain insects. 

(d) FeUing-ai-eas with grass-undergi'owth should be postured 
down in summer and autumn by cattle or sheep. The grass pro- 
tects the mice from observation, and renders the bai-k of plants 
in it soft and fresh, which the mice like. The cattle disturb and 
trample down many mice. 

(c) Beech seeding-fellings should be dark in order to keep 
down the grass. 

(/) Pigs maybe admitted into the forest as long as the soil 
is loose, especially near nurseries. They root-up the ground, 
disturb the mice, destroy their young, fill-np their hui-rows, and 
also trample-down and eat many mice. 

(jj) Removal of low undergrowth, which shelters the mice. 

(7j) Branches of soft-w’oods or hornbeam maj' be spread about 
in young beech-woods, to atti'act the mice from the beech. The}' 
must however be frequently reijlaced, as dry branches are no 
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longer gnawed, and then the remedy does more harm than good, 
the branches having attracted mice into the wood. This is a 
good precaution against the southern field- vole. 

(i) Protection of Enemies, 

Here we must restrict ourselves to the protection of mice- 
destroyers which may not do so much injury in another direction 
as to outweigh their usefulness in killing mice and voles. 
The following animals are useful in this way ; — 


Mammals. 

The pole-cat (Pictorius fastidus, Gray), the stoat (P. erminous, 
Ow.), the weasel (P, vulgaris. Rich.), the badger [fields taxiis, 
Pall.), the mole (Talpa europeea, L.), and the hedgehog 
(Erinaceiis eun-opceus, L.), also the shrews, especially Sorex 
vulgaris, L. 

The first three beasts also plunder nests and eat eggs, young 


Fio. 47 . 



[B) Surface of ground, 
(o) Upper gallery. 

(Zi) Descending passages. 
\c) Lower gallery. 

(d) Ascending passages. 


Diagram of molc-licap. 

(c) Central cliambor, 

(f) Passage to cimmber, 

((/) Moles’ run. » 

(A) Divoiging runs from lower gallery. 


birds and leverets. The badger eats fruits, mast and pheasants’ 
eggs. The mole is hurtful to forest nurseries from its habit 
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of liiirrowhig nntl tlirowing-up small heaps of soil. The 
hedgehog attacks nests. All those animals, however, are mncli 
more nsefiil than hurtful. The well-knonn and mnch abused 
mole hunts for mice, crickets, snails, shifts and grubs, and is 
ahvaj's at hand whore tlic.so crontures abound, and exlrcmelj’ 
useful in destroying them. It increases rapidly, has 3 — 5 young 
at a birth, and two broods in the year, in j\Iny and August, and 
is very voracious. Its ingenious nest (fig. ‘*17) affords means 
of esenpo when pursued bj* a rat, or other cnemj-. 

A limited protection may also be afforded when mice arc 
swarming, to the fox (C<tnis riilpcs, L.), the piuc-mnrten 
marfes, L.) the beech-marten {Mnstcla foina, Briss.) 
and the wild cat {FeVtit catus, L.), in spile of the damage they 
may do to game. 


Birds.* 

The following birds arc extremely useful in destroying 
mice ; — The kestrel {Falca tinnuundus, L.) ; the bnzstnrds, 
especially the common buzzard (Biiteo vuiffaris, Leach) ; 
owls, especially the loiig-cnrcd and short-eared owls {Otus 
rid{f(iris, Flcin., and 0. hrnchyotns, Cuv.) ; also, the ta^vny 
ovt’l^Syruiinn Alaco, Boic), the little owl (Cnrinc nocitia, Scopoli), 
and the barn owl {Strix Jlammca, L.). 

The rook {Conns fnigilcffiis, L.) kills mice, especially in 
the autumn, so do' the black crow (C. coronc, Lam.) and the 
hooded crow {C. cornix, L.), w’hich are sometimes said to bo 
varieties of the same species and to interbreed freely. The 
above three species of Coitus occasionally attack acom-sowings, 
and break off the lending shoots of conifers, and the crow 
does much damage by eating tho eggs of partridges and 
other birds, hut on tho whole their utility' is greater than their 
destructiveness. 

Kites {Milvus sp.) are said by Hess to destroy mice, hut 
ITarrell states that their food is chiefly offnl, moles and unfledged 
birds. Tho stork {Ciconia alba, L.) occasionally feeds on mice, 
and so does tho black-headed gull {Larus ridibttndits, L.). 

i 

• Tho Bcientific nnmos for birds follow Yarrcll, Britiah Birds, 4tli edition. 
Beviaed by A. Newton, P.K.S., nnd H. Saundeio, 1874 — 85. 



MICE AND VOLES. 


115 


Most of the other flesh-eating birds do too much damage to 
useful birds to deseiTe protection. 

3. Remedial Measures. 

Remedial measures against mice may he with or without 
' poison. The chief rule is to adopt measures every year which 
suit the locality, so as to prevent as far as possible any extra- 
ordinary increase in the number of mice and voles. According 
to trustworthy observation, there' are far more females than 
males in the spring, and mice should therefore be destroyed as 
much as possible in February and March. Private enterprise, 
especially in forests where it is difficult to get at the mice, is not 
sufficient for this purpose, but the State must direct matters 
and induce private persons to assist in the energetic destruction 
of mice both in fields and in forest, which will be to the public 
advantage. 

(a) Pitfalls. 

Trenches must be dug in the ground, and visited daily to keep 
them clear from leaves, etc., and to remove and kill the captives. 
They should be 4 inches wide, and 16 inches deep, with vertical 
smooth walls. The base of the pitfall must be beaten hard, and 
glazed earthenware vessels, or drain-pipes, one eveiy 3 or 4 yards, 
buried level with the bottom of the pitfall. A few grains of 
wheat act as lures for the mice, and those which are found in 
the pitfall are killed -with a pointed piece of coarse iron wire. 
Such trenches'*"' are to be recommended against field-mice along 
the borders of fields and forests, and around forest nurseries 
and seed-granaries. 


(b) Traps. 

Traps are useful, especially against water-rats and bank- voles, 
and various kinds of devices may be used to trap mice according 
to species and local circumstances. 

Traps resembling sugar-tongs are advocated by E. Heyer 


* In autumn of 1872 to the end ot October, 
Mecklenburg in a trench between two fields. 


10,800 mice were caught in 
I 2 
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iigainst the ^7ate^-rat, as shown in the figs. 50 and 51. They 
must he so placed that the rat, in running into its hole strikes 


Fio. 48. Pio, 49. 



the plate (a) with its head, and is then caught round the body 
by the pinchers (Zi). It is better to place two such traps back 


Fia. 50. 



Fio. 61. 



to back in a hole. Por the smaller species the tube-traps from 
Hohenheim are very effective, figs. 48 and 49. 


Fio. 52. 



(J nat. fise.) 


Ordinary spring-traps (figs. 52 and 53) are more useful in 
closed rooms, such as seed^-stores, but when concealed by foliage, 
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etc., they may also be used in forest nurseries, carrots or beetroot 
forming a good bait. 

For seed-stores, a good ti'ap for mice may be formed by a 
vessel full of water, over tbe edge of wbicb a piece of wood or 
platform on wbicb tbe bait is fastened is balanced. Tbe mice 


Fig. 53. 



climb up a slanting piece of wood on to this platform, and going 
to tbe end of it to get at tbe bait, upset tbe balance of tbe 
platform and fall into tbe water. 

(c) Smoliing-ovt. 

- Smoking-out mice is not possible in forests, omng to tbe 
nature of tbeir boles amongst grass and dead leaves, and also 
on account of tbe danger of firing tbe forest. 

(d) Poisoning. 

In poisoning mice in forests, there is great danger of killina 
useful animals, such as weasels, foxes or owls. Such a method 
can therefore be employed only after every precaution has been 
taken against danger to useful animals, and in cases where the 
mice have increased enormously in numbers. 

Poisoning may be done by means of phosphorus, arsenic, 
strychnine, corrosive sublimate, or carbonate of baryta. Of 
these, strychnine is tbe most effective. Wheat, oats or barley 
grains, celery or radishes may be used with tbe poison, tbe 
grains being first steeped in water, and then placed in the 
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poisonous solution ; or a meal prepared and tbc poison mixed 
up with it. It is then strewn about in pieces as big as a pea. 

In order as far as possible to prevent the poisoning of useful 
animals, the poisoned baits must not bo placed on the bare 
ground, but in little cjdinders of wood or of grass sods, or in 
glazed vessels or drain-pipes about 11 inches in diameter, 
suiBcient to allow passage to a mouse. Tho cylinders may be 
placed on tho gi*ound, or in tho mouse-holes, and must be 
inspected regularly in order to obscr\'e their effects. 

Glazed vessels arc better than drain-pipes, as the latter let in 
moisture. 

Phosphorus, owing to oxidation, soon becomes ineffectual 
in damp or rainy weather. Arsenic is moro effective, but less 
rapid in its action. If either of these poisons is used, the 
dead mice are generally found lying on tho surface of the ground, 
as they run in search of air and water when feeling tho pains of 
the poisoning. Sti’ychninc and carbonate of baryta kill tho mice 
in their holes after severo convulsions ; it is better to change tho 
bait and the poison from time to time. 

A post of mice rarely lasts more than 2 or 8 years, as heavj* 
rain, frosts, inundations and disease soon kill thorn bj’ thousands. 
It would not however bo right to wait patiently for such an event 
to occur, for by timely energetic action tho damage may be 
greatly reduced. 

Attempts were made (as proposed by Loefflcr) in 1890, to 
destroy the mice which were infesting the fields in Thessaly, by 
subjecting them to a parasitic fungoid disease termed mouse- 
typhus ; this was communicated to tho mice by pieces of bread 
which had previously been soaked in w'oter containing spores of 
the fungns, bat tho results in this case were not commensurate 
with tho expenditure, and a Commission sent to Thessaly by 
the British Government did not recommend its adoption to stop . 
the plague of mice in Scotland. 

4. Treatment of Injured Plaiits. 

Broad-leaved poles and saplings Avhich have been badlj" 
gnawed by mice should be cut-back in the spring close to the 
ground, below the injured place, sharp instruments being used 
for tho pui'pose, so that they may send up new shoots. If the 
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plants have been girdled too deeply towards the roots, such pro- 
cedure would not save them, hut of course the dead poles should 
he removed. The workmen should work in lines so as not to 
leave out any injured plants, and should he properly supervised. 
If the cutting is done too late in the spring, the new shoots 
will be very weak, as much reserve material then passes into 
the injured stems and is consequently wasted when the stems 
are cut down. 

Where conifers have been injured, new plants must be sub- 
stituted for those lulled hy mice. 
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CHAPTER III. 

PBOTECTION AGAINST BIRDS.* 

Section I. — Genebae Account. 

The birds directly burtful to forests belong to tbc orders 
Gallino! or game-birds, Columhidte or pigeons, and Passcri- 
forma or perebing birds. 

1. Lht of Hurtful Birds. 

Grouse (Tetraonidai). 

Caporcnillio (Tetrao nrogallus, L.). 

Black game (2'etrao tetrix, L.). 

Hazol-grouso (Bouasia silvestris, Brcbm.). 

Pigeons {Columhidec). 

Eing-dove or Wood Pigeon {Columha paluinhus, L.). 
Stock-dove (C7. ainas, L.J. 

Turtle-dove {Turtur counminxs, L.). 

(Corvidte.) 

Jay {Garrulvs glandarhis, Vieill.). 

Nutcracker (Nveijraga caryocatactes, Briss.). 

Finches (Fringillid<B). 

Hawfinch {Coccothraustes vulgaris^ Briss.). 

Greenfinch ((7. cldoris, Briss.). 

Chaffinch (FringilUi coelcbs, L.). 

Brambling (F. montifringiUa, L.). 

Siskin {F. spinm, B.). 

Crossbill (Loxia curvirostra, Gm.). 

Parrot Crossbill {L. pityqpsiitaejis, Bchst.). 


* The scientific names are from Yarrell’s Britisli Birds, 4th ed., 1882. 
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A few otlier species of small singing birds are hnrtfnl by 
eating seeds and biting-off buds, sucb as : — 

Bullfinch {Pyrrlnda curoptea, Vieill.). 

Mealy Bed-poll {Linota Unaria, L.). 

Bed-breast {Erythacus ruhccula, L.). 

Even titmice (JParida:) do some harm, and woodpeckers (Pici) 
make holes in trees ; these families, however, do more good 
than harm. Birds which do indirect injury by killing other 
useful birds will be described farther on under the heading 
Insects. 

2. Damage done. 

Destructive species of birds eat-up seeds and fruits, bite-off 
buds, young shoots, and tender seedlings, but are generally 
useful by destroying insects, and the damage done by birds in 
forests is in general much less than that by tlie rodents and 
deer already referred to. 

3. Protective Rtdes. 

Delay sowing until the birds have paired, and cover the seeds 
well. The birds, after pairing, no longer fly about in largo 
numbers, and they kill more insects than before pairing, both for 
themselves and for their young. 

The seeds may be steeped in red-lead mixed with water, or 
in distilled water, lime-water, or very dilute acids, so as to 
hasten the germination, and the period of danger from seed- 
eating birds may thus be reduced to as short a space as possible. 

Sowings may be covered •with moss, or branches ; in nurseries, 
mth wire-netting over hoops of hazel, willow, &c. 

Scarecrows may be used, or paper feathers on string, or stuffed 
birds of prey. 

Watch the sowings till the young plants are large enough to 
be out of danger. 

Fire off blank cartridges, or shoot the birds. 


Section II. — The Capercaillie and other Grouse. 

1. Damage done. 

The capercaillie, which frequents extensive tracts of mountain 
.forests, injures nurseries and cultivations of conifers in winter 
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niitl spring by biting-off binls nml young shoots ; in nur- 
series, when the buds of the plants jnst nppenr iibove the snow, 
they arc frequently ent-off in great nnmbcrs by these birds, the 
cock being more injurious than the hen. J3irch-bnd8 and sranll 
green pinc-i-oncs are also eaten. The capercaillie in uinter 
frequents old woods with advance -growth, and feeds chiefly on 
tho needles and buds of old spruce trees, but is very fond of the 
buds of neighbouring young spruce. In the spring it scratches 
tho soil in scarcli of insects and worms. 

Tho hlad; r/nnise lives in mossy heather-land, and docs much 
less harm to forests than the cnjjcrcnillie. It cats Hie buds 
and inflorescence of birch and other brond-lcavcd species, and 
attacks buds of conifers and young needles of the larch, but 
chiefly nourishes itself u-rtb berries and small shrubs (bilberry, 
heather, &c.), and keeps itself alive in winter by eating nccdlcB 
of old spruce trees. It goes liigbor in the mountains than the 
capercaillie. 

Tho hazeUgronse is chiefly found in broad-lcavcd woods, in 
tho Austrian Aljrs and tho Bussian Baltic Provinces j it feeds 
during winter on birch and alder buds and hazel-catkins. In 
summer it chiefly cats bcn'ics, but does less harm than black 
game. 

Pheasunts scratch-up sowings in the forest, and nursery’ seed- 
beds. 

2. Protective Itules, 

Fence-in nurseries with tall thorny bushes, as the capercaillie 
is very shy, and avoids places so protected. 

Branches of spruce, &c., may be laid over sowings to impede 
the movements of the bir-ds, and nursery seed-beds may be 
protected with wire-netting. Buy transplants. 


Sectiok ni. — ^P igeons and Doves. 

1. Damage done. 

Wood-pigeons and doves eat up forest seeds, espeoinlly of 
spruce and Scotch pine, also buds, catkins, &c. The wood- 
pigeon and the stock-dove in antumu also eat acorns, beech- 
mast and 'beech cotyledons. Turtle-doves eat-np seedlings. 
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doing most damage in Marcli, and from April to October, when 
tbey often aligbt in flocks on sowings. 

The wood-pigeon, the largest kind, prefers coniferous forest 
(spruce) ; the stock-dove, beech and mixed forest of broad-leaved 
and coniferous species ; the turtle-dove, the smallest kind, lives 
near water in small woods among fields and meadows. 

2. Protective Rules. 

Those already given under the general heading apply here. 
Scarecrows are only useful at first, as the birds soon get used 
to them. Strewing seed-beds with spruce-needles instead of 
moss protects against turtle-doves. Shooting is best done at 
the breeding season with decoys, or over salt. Small vessels 
containing salted clay, anise, hempseed or wheat are placed here 
and there over the endangered sowings, and the pigeons flying 
down to them are shot. 

Section IV . — Jays and Nutchaokbes. 

1, Damage done. 

The Jay is extremely destructive, eating acorns, beech-nuts, 
walnuts, hazel-nuts, cherries and other fruit, digging-up ger- 
minating beech-nuts and young oaks to eat their cotyledons. 
It also destroys the young and eggs of other birds, and even 
attacks new-born hares. Once it has discovered a sowing of 
acorns, it will comiiletely strip the bed. 

At the same time, by placing acorns and beech-nuts singly in 
holes in the ground, which it afterwards forgets, it assists in 
the spread of the oak and beech. Of more value is its power 
of attacking mice and insects, but the good done is less than the 
harm effected in other w'ays. 

The Nutcracker, though not uncommon in the spruce forests 
of the Schwarzwald, the Bavai-ian Alps, the Tyrol and Smtzer- 
land, is rare in Central and North Germany, and in the British 
Isles. Its food consists of hazel-nuts, acorns, and beech-mast, 
and especially the seeds of the Cembran pine, of which it is so 
fond as to pick them out of sowings and seedbeds in the very 
presence of the workmen who are sowing the seed. It also 
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(IcRlroys the oggs nncl young of iiBcfnl birds. This extremely 
restless bird tilso sows seeds, nnd in Ibis respect is more useful 
than the jay, as the localities it prefers in the high mountain 
regions are those where planting is extremely costly, nnd any 
assistance to man’s action in reboisement is of great value. 

9. Protective liuleif. 

Cover up endangered sowings with branches of tbom-busbes, 
immediately after soulng. 

Shoot in autumn, when jays Iccej) flying from one oak to 
another. Several hundred jays are thus shot every year in 
Epping Forest. 

Section V. — ^Frecircs and otheh SmaiJj Binds. 

1. Damage done. 

The Hauifinch, rare in the British ' Isles, is very fond of 
fruits nnd seeds, especially those of the hornbeam, cherry, 
maples, oaks, beech, alder, elm and conifers. The traces of its 
activity are seen in the remains of the fruit lying under the 
trees. It also bites-off buds. In general, however, the damage 
done by this bii’d is greater in gardens nnd orchards than m 
forests. 

The Greenfinch feeds its young on soft seeds, and by thus 
destroying countless weeds it is of great ser^uce to the gardener 
and agriculturist. Later on in tho year, however, it unites in 
large flocks uith the chnfSnch nnd other .finches nnd small birds, 
and they may do much damage to sowings in the forest. 

The Chaffinch is extremely fond of coniferous seeds, those of 
the pine, spruce, and larch, and bites off young cotyledons of 
conifers as long ns they are covered by the testa. It also 
eats beech-nuts, nnd the cotyledons of beech-seedlings. 

The Bramhling appears in the late autumn and printer in 
large flights lilce clouds, and attacks beech-nuts and coniferous 
seeds. De Montbeliard states that in 1765, after a good beech- 
mast year, for several nights 600 dozens were killed near the 
Bhine, and de la Fontaine computes a flight of bromblings 
in Luxemburg in February, 1866, at 60 millions. Stevenson 
in March, 1865, saw a flock of bramblings near Slough which 
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In ti wide vcssol, wnlcr and 1 lb. of rod-lead arc stirred together, 
and 7 to 8 lbs. of spnicc-sceds mixed ujj witli it, about 1 lb. at 
a time, the water in ibc vessel being constantly stirred until the 
seeds will tahe up no more of the lead. The seeds can bo sown 
at once without drj’ing. This costs 6(1. per lb. of seeds for 
labour and material. Dilute carbolic acid may also be applied 
to seeds, as already mentioned. Scarecrows are of very little 
use against finches. 

The seed-beds may bo watched during the dangerous lime, 
and blank cartridgc.s fared. 

A good plan is to shoot some of the birds, and hang the 
bodies to stakes near tho seed-bed. 

Cones bitten-ofl’ and dropj^ed by crossbills may be utilized to 
secure the seeds remaining in them. 

SccTioK VI. — ^WooDmcJcnRS. 

The question whether woodpeckers are nsefnl or hurtful to 
forests has been n subject of dispute, and will bo hero discussed. 

1. List of iVoodpccficys. 

In Central Europe the following species of woodpeckers are 
found : — 

Black -woodpecker (Piens martins, L.). 

Greater spotted -avoodpecker {Dendrocojms major, Koch). 

Intcnncdiato spotted woodpecker (/). medius, Koch). 

Lesser spotted woodpecker (P. vibwr, Koch). 

VTjite-bncked W'oodpeckcr (P. leuconains, Bchst.). 

Three-toed -woodpecker {A 2 tternns Iridactylus, Gould). 

Grey woodpecker {Picas canus, Gmel.). 

Green woodpecker (Picas riiidis, L.). 

The two last species are termed ground-woodpeckers. Of 
these the green woodpecker is the commonest in Britain, and 
P. major aid minor also occur. Nos. 2, 8, and 7 are said to be 
commonest near Giessen, whei'e Hess resides. 

2. Opinions of various Authors. 

_ Opinions regarding the utility or otherwise of woodpeckers 
from a forestry point of view have varied from time to time. 
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propensity' for making holes in trees. Altum in his Forstzoohgie 
revei-ted to the former opinion, stating that woodpeckers were 
practically useless against dangerous hai'k-beetles, bat attacked 
the larger and less important longicom-beetles, and that they 
themselves did considerable damage to trees. 

Altum wished, however, to protect woodpeckers on sesthetic 
grounds, because they enliven the forest and please the eye. 
Judeich follows Altum’s views to a certain extent. Konig, 
Dobner, Vogt, the brothers Muller, Taschenberg, Borggreve, 
Nordlinger and others consider that the utility of woodpeckers 
outweighs the harm they may do, and Hess expresses himself 
as of the same opinion, from the most recent observations on the 
subject. 

3. Damage done hy Woodpeckers. 

Woodpeckers eat forest-seeds, peck wounds in saplings, and 
holes in sound poles and trees; they girdle sound trees and 
destroy telegraph-poles and wooden roof-shingles. 

(a) Destruction of Seeds. 

Dcndrocopus major alone of the woodpeckers eats large 

quantities of coniferous seeds. It 
wedges the cones which it has 
plucked from trees in a cleft in the 
bark, or in an angle between a stem 
and a branch, and ojjens them out 
and removes the seeds with its bill. 
One can distinguish betu'een the 
action of the w'oodpecker and crossbill 
in this respect. Frequently the 
ground under a tree is covered with 
opened-out cones. Also walnuts, 
hasel-nuts, acorns, and other fiuits 
are eaten by the great woodpecker. 
The damage done is not, however, 
vciy serious, as woodpeckers are solitary birds. 

(b) Pccicing Holes in sound Trees. 

The black and the gi'cat woodi^cckcr do most of this damage. 
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and attack isolated trees and saplings. The woodpecker also 
attacks freshly planted saplings of oak, beech, acacia, exotics, 
&c.> and the reason for its doing so is not very clear ; in 
coniferous woods it may thus free the beak from resin derived 
from the cones it has been attacking. 

Older trees are also attacked, such as avenue-trees (poplar's, 
limes), oaks occurring in coniferous forests, boundary trees, &o. 
Most of this damage is done during spring and early summer, 
hut it is too rare to he of any practical importance. 

(c) Girdling Trees. 

The same two woodpeckers, while hanging to the trunk by 
their feet with the support of their tail feathei-s, encircle trees 
with rings of holes arranged horizontal^. A callus forms at 
each hole, hut is pecked at again and again until quite a ledge 
has been made round the tree. Trees may sometimes he seen 
with several such ledges, one above the other, resembling the 
rings on bamboos. The reason for these attacks on sound trees 
has not yet been discovered. 

(d) Destruction of Telegraph-Posts, 

The great woodpecker as well as the black and green wood- 
peckers share in this damage. Attacks have been observed both 
on coniferous or oaken posts, whether kynnised or not, and 
generally commence at an old screw-hole. In 1881, the Director 
of Post-Offices for the German Empire issued a circular order 
that all holes in telegraph-posts should be filled with wooden 
plugs, and that holes freshly made by woodpeckers should bo at 
once smeared with tar. Injuries done by woodpeckers to the 
wooden shingle roofs of forest lodges and other deserted houses 
have been noticed, but are rare and unimportant. 

4. Vtilitg of lVood 2 )eckers, 

(a) Destruction of Insects, 

The injurious insects which woodpeckers devour live either in 
or on the surface of the soil, or in the wood or bark of trees, and 
the latter kinds are preferred. 

Woodpeckers chiefly seek animal food from April till late 
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stiniinor. They enpturo coekclmfors, i>iclv {jrubs from fi'iul, tind cut 
the ptipjo of moths niid siiwhies ; they dig into nnt-hills, consum- 
ing munhers of unts, which are snid hy Yurrell to he the chief 
summer food of the green woodpecker, iind they peck liolcs into 
the ground in senreh of cockclmfer grnhs, wire-worms, Ac. I'or 
the niost part, however, they hunt on trees for weevils, hark- 
hcctlcs, longicorn-hectles and their grubs, sawfly larva?, ga 

insects, spiders, A’c. . 

Their tongue, owing to its construction, is extremely useful in 
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the search for insects ; it is very long and thin, and is furnished 
near the tip with a few stiff hnrhs pointing backwards. The 
cornua of the hyoid bones, which support it, curve round the 
hack of the head to its upper surface, terminating in a cavity m 
the hones of the beak, and their mobility and great length 
allow the tongue to ho freely extended. The wood-pecker darts 
its tongue into cracks in the hark, using the barbs for detaching 
the insects, which are captured by adhesion to the slimy surface. 
The spotted and ground woodpeckers hunt in this manner more 
or less throughout the year, the former chiefly on trees, and the 
latter more on the surface of the ground. 

■\Voodpeckers detect insects by the senses of sight, smell and 
Bonnd ; it is not yet decided which of these is predominant. It 
cannot be denied that they prefer the large but less harmful 
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Ini’VfB of Ccraiiihycidtr, Cossus nncl Sircx, to the inimito Inrvic 
of weevils and bnrk-beetles, but repentod observation shows 
that they are also keen hunters of the latter. Amongst the 
most hurtful species which they destroy may bo mentioned 
Pissodes ju'/n', L., P. iioinUis, Fnbr., rTylimius jdniprrdti, L., 
and ITylastcs pnllintus, Gyll. The damage done by the black 
and ground woodpeckers to nut-hills may indeed bo classed ns 
injury to the forests, to which nnts nro useful, but living larva} 
of parasitic beetles arc, when present, often destroyed in greater 
lurmbcrs tbau tbc nuts tbcmsolvcs. 

(b) Kidifimtion in Trt'cs. 

^yoodpeckers cannot make nest-holcs in trees without injuring 
them, but this is chiefly done in the case of soft-wooded species, 
tbc aspen, lime, &c., or in rotten old hard-woods. The damage 
done is not great, and the holes arc subsequently used for 
breeding by several useful birds, starlings, titmice and fly- 
catchers, the former frequently driving the woodpeckers from a 
new hole they have just made, in order to build their own nest 
there. The holes may however be utilized by the stock-dove. 

5. Summary, 

The result of investigations into the utility of woodpeckers 
tends to show that these birds by their activity in the destruction 
of insects play a most useful part in Nature, and should there- 
fore be protected by foresters. Hess holds the same views 
as Borggreve, that all useful birds tend to prevent an undue 
preponderance of insects, keeping their numbers more or less 
normal in ordinary years. In case of a great insect calamity, 
however, the action of birds is inadequate to protect the forests ; 
fungoid diseases and ichneumon-flies eventuallj' put a stop to 
the plague. 
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ing ; head and thorax united ; ^Yith two pairs of jaws and four 
pairs of legs ; abdomen destituto of limljs ; no antenna). 
Scorpions, .spiders and mites. 

3. Myriajyoda : respiring hj' trachea), or involutions of the 
integument; head distinct, remainder of the body formed of 
nearly similar segments ; ono pair of antcnnic ; three pairs of 
jaws and numerous legs. Contijiedes, millepedes. 

4. Insccta : respiring hy trachea) ; head, thorax and abdomen 
distinct ; ono pair of antenna) ; three i)air8 of logs on the 
thorax ; abdomen without well-developed limbs ; generally with 
two pairs of wings on the thorax. Insects. 

A knowledge of the general anatomy of insects, and of the 
terms used in the lueseut book in describing the difTcrent 
species, is presupposed. 

Insects as a general rule before attaining maturity pass 
through a series of changes termed metamorphoses. 

The different stages of their life consist of the cgij, hirra, 
2)U]}a, and imago or perfect insect. Some insects, snch as 
parasitic lice, do not appear to undergo any metamorphosis, the 
young on batching-out resembling their parents in all respects 
except in size, although they may moult, or shed their skins 
frequently; they are known as umctabolic insects. 

The larval stage is essentiallj- the stage of growth and of active 
feeding. The larva undergoes several moults or cedgses, never 
possesses wings and is incapable of reproduction. 

The larva) of insects may be destitute of legs, ns in the case 
of fly maggots, or they may have three x)nirs of true legs, on the 
first three segments after the head, as in the cockchafer grub, or 
in addition to these, two, five, six or seven pairs of clasping feet, 
or prolcgs attached to the abdominal segments, of which the 
pair on the last segment are known ns the anal jnolvgs or 
claspers. The larva) of Lepidoptera are termed caterpillars. 

The pupa of insects is usually inactive, and is protected 
by its dried and hardened skin ; frequently, ns in spinning 
Lepidoptera, it is surrmmded by n protective ease termed a 
cocoon, and constructed by the larva. 

In the case of certain insects, as grasshoppers, the pupa only 
differs from the larva in having rudiments of wings ; it is still 
active and feeds, and is termed a nymph. Such a pupa is con- 
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verted mto the imago by the liberation of its wings at the last 
moult. 

The insects which undergo roetamoi'phosiB are consequently 
divided into metabolic insects, or insects with complete meta- 
morphosis, in which the pupa is quiescent and docs not feed, 
and in which the greatest weight and bulk is attained at the end 
of the larval stage ; and into hemi-vietaholic insects, in which 
there is an active nymph and the imago is the bulldest and heaviest 
foim. Metabolic insects form 95 per cent, of the whole class. 

Insects may be grouped either according to the structure of 
their bodies, or their mode of life, and Entomology uses the 
former of these characters in their classification, but in Forest 
Protection it is of greater convenience to study the latter. 

Much diflference ('f opinion has existed regarding the classifi- 
cation of insects. The simplest method, based on the systems 
of Linnseus and Fabricius recognizes seven Orders. The fomer 
naturalist relied principally on the structure of udugs in dis- 
tinguishing the different orders of insects, and the latter on 
the parts forming the insect’s mouth. The Orders may also 
be arranged, according to the degree of completeness of their 
metamoi'phoses, in two groups containing the metabolic and 
ametabolic insects respectively. Though the degree of meta- 
morphosis is of the first importance ns a guide to the systematic 
position of an insect, it is not, when taken alone, of the highest 
value in classification, as it cannot be decided by mere obser- 
vation of any particular insect, without study of its life-bistoiy. 

Certain writers who have attached great weight to structural 
differences, particularly of the wings, have increased the number 
of Orders to thirteen ("Westwood) or sixteen (Packard). The 
groups which have been raised to the rank of additional Orders 
are of minor importance, and contain as a rule a small number 
of aberrant forms. In the present work, the broadest and 
most generally-received classification will be followed, in which 
the Insects are divided into seven Orders, characterised fls 
follows : — 

1. Orthoptera; with biting mouth-parts, a free prothorax, 
and incomplete metamoiphosis. Cockroaches, crickets, locusts, 
termites or white ants, and dragon-flies, are examples of this 
order, the two latter belonging to a sub-order termed Orthoptera 
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jiscudo-ncnroptcra. In this suli-order the head is hovizontnl 
and the wings memhriiuous in texture ; in the true Orthoplera 
(0. [icnuina) the head is vertical and the wings are stronger 
and of a more leathery consistency. 

2. NcurojUcra : with biting mouth-parts, a free prothorax, 
two pairs of membranous richly-veincd wings, and complete 
metamorphosis. Lace-wuiged flies {Chrysopa and Ilcmcrnlnm) 
are exaraifles. 

3. Colcoptcra : with biting mouth-parts, free and strongly- 
developed prothorax ; two pairs of wings, of which the upper arc 
horny, protective and not used for flight, being known ns 
wing-cases or elytra, and the lower membranous ; complete 
mctamorifliosis. It includes all beetles, of which the common 
cockchafer may be taken ns a type. 

4. Hymenoptera : with biting, or biting and partly suctorial 
mouth-parts ; the prothorax fused at least dorsnlly with the 
mesothorax; two pairs of membranous wings with com- 
paratively few veins, sometimes apterous ; with complete meta- 
morphosis. Examples : bees, wasps, auts and sawflies. 

5. Lcpklaptera : with suctorial mouth-parts, the prothorax 
annular and fused with the mesothorax, two pairs of mem- 
branous wings covered complete!}' or partially with scales; 
complete metamoi-phosis. The butterflies and moths belong to 
this order. 

6. Diptcra : with sucking mouth-parts, an annular prothorax 
fused with the mesothorax, one pair of well-developed mem- 
branous fore-wings, the hiud-uings rudimentary and reduced to 
small stalked knobs, forming the so-called poisvrs. Complete 
metamoi'phosis. This order includes all flies. 

7. Hcmiptera: -with sucking mouth-parts, a free pi-othorax, 
and incomplete metamorphosis. Bugs, ajihides and scale insects 
belong to this order. 

The vast importance to foresters of forest insects, the 
enormous amount of damage which these small but mighty 
members of Nature’s household can effect, combined with the 
fact that, owing to their small size and obscure mode of life, they 
escape observation much more readily than injurious vertebrates, 
render it necessary to spend more time on their study. 

A full account of the anatomy of insects uill not be attempted 
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hero, nnd the works of AHuni, Ktitzekurg, Ac., may 1)C referred 
to, the most rccoiiL work on forest insects being the I'cvision of 
tho 8tli edition of Kiit'/.eburg*8 book by •Tndcich nnd Nitschc/ 

The following works also merit nllonlion : Otli Ecporfc of the 
United States Kntoniologicnl Commission, “ Forest Insects,” 
by ]>r. A. S. Packard, ‘Washington, 1800; “Sfanmil of Injurious 
Insects,” by ^Iis.s Oniicrod, London, Jlessrs. Simpkin, Marshall 
& Co., 185)0 ; and Indian Forest Zoologj' ” by E. C. Cotes, 
Calcutta, 1 85)S1. 

Sj:ctjon II. — LiSTniiiutiox or In.si:cts. 

As regards the geographical distribution of insects, the wan- 
dering nnlnrc of many species precludes the possibility of defining 
2 oncs similar to those laid down for plants ; but it may be 
staled roughly that there are, in Ccntnil Europe, less species in 
the north nnd oast than in tho south and west. Hectics, how- 
ever, form an cxce]ilion to (his rule, being more abundant in the 
north nnd cast. The clinracter of tho insect fauna is, however, 
generally similar over the whole of the Paliearctic region, which 
includes Europe, the northci'n coasts of Africa, and Asia north 
of the great mountain chains which cross it from cast to west. 
The number of species extending over the whole of this region 
is comparatively small, and there arc no zones in it in which 
tho character of the insect inhabitants is nbrupth’ changed. As 
compared with continental regions under similar climatic con- 
ditions, the insect fauna of the British Isles is poor. As 
regards altitude, the distribution of insects depends on that of 
tho trees and shrubs on which they feed, and also on locality 
nnd climate. Most insects prefer tho warmer plains nnd hilly 
districts, especially nith a sandy soil, where beetles thrive. 
Soils naturally poor nnd those im27orcrishcd hj* removal of 
litter, sunny aspects, frost-hollows, and stunted vegetation are 
natural breeding-grounds for insects, and require the most 
careful supervision on tho i)nrt of the forester. The number 
of species nnd of individuals alike diminishes with increasing 

• Lcliibucli dor Uitteleiuojiaischcn Foistinsebtcnkuiidc (all nclite Anllnge von 
Kalzcl>urg*s Die Wnldvcrdciber nnd ilire Feinde) licjnii«!"cgebeii von Di. J. F. 
Judcicli ti. Dr. H. Nitschc, ViciiDn : Eduard Hulzcl, 1889 — -*>5. 
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altitude, but beetles are found at a considerable olovalion in 
mountains. Certain species of weevils and bark-beetles may 
be considered as mountain insects, such as Oitorrhyvchits uUicr, 
Fabr., Tomicus cembm, Heer, Jlylasten (jlahrntmt, Zett. Even 
species of Chermes are found at elevations of between 3,000 
to 3,600 feet. 

Insects, especially beetles, can support severe winters. 'J’lieir 
borny elytra or wing-coverin"s protect tbcm, and instinct 
impels them to creep under roots and into cracks in the bark 
of trees, or under moss or dead leaves for protection against 
tbe weather, or to burrow underground. Moreover, ns their 
enemies, moles and insectivorous birds, cannot touch them 
when snow or frost covers the ground, and are themselves killed 
in very severe winters, such weather is really favourable to 
insect life. A warm winter, which is risually accompanied with 
much moisture, is very destructive to hybernating insects, 
especially hairy Inrvaj, which suffer from fungoid diseases. 

Hairless larvse are most sensitive, especially at moulting 
periods. Cold damp weather and cutting winds will then kill 
them off in myriads. Uniformly warm dry years therefore tend 
to produce great swarms of insects. 

Section III. — Life -History. 

1. Gcneratifc Periods. 

Insects, in distinction to more highlj’ organised creatures, have 
generally a deffnite limitation to their duration of life. The 
time which elapses between the egg and the fresh production 
of eggs is termed a generation. These may be sinyle or annnal, 
omdtiple, biennial ov jdnreiwial. 

A single generation occurs when an insect goes through all 
Its stages within twelve months, and is by far the commonest. 
Thus nearly all Lnjndoptera have one generation in tbe year. 
A few have more than one brood in the year, and, still more 
rarely, the life of a species may extend through two years, ns 
JRetinia resinella, L., or even longer. 

In the case of a multiple generation, several broods are jiro- 
duced during twelve months, so that the respective stages, eggs 
or larvae, of the same species may be found in different months. 
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A (lonhlo f'cnorntuiu is hero foimnoucsl, ns, for instnncp, in the 
ensp of innny 1tiir1:-t>cpll(‘s «im 1 snwllies. Mnny plnnt-Uce pro- 
duce live or juorp ^nuTiitions iti n hinRlo s\jmmpr, nml the 
lienpnl iiiuUivoltitio sitlcwovm romploles n fjoncwtioii every 
niniitli, I'xci'pl llif period from Novonibrr to Fcbrnair. 

Three broods lire sruneliines produced ivilhiii two yenrs, for 
iiistiiucc, l>y Tomintu hiili-uMtiit, IThst., hnl such ciipcb nro rorc. 
A phirfiiniul {ienerntion denotes Unit the insect tnhes more tlmn 
one your for its full development, for oxninple, two yenrs in 
the ciise of lonf'irorn beetles niid Siri'r, nnd tbret or four years 
for the cockrhnfer. 

Of the vovenil sliiKos of the insect, thnt in which it bibernalcs 
lusts the longest, nnd is getiernlly tho larvnl stngc. The egg 
nnd pnpnl stiiges nRimtly Inst for nhout two to fonr wfclcs 
nnlcss tlicy Imppcn to he the hibernating stngc, nnd eggs laid 
after Alidsiiniiner do not goncrnlly bnlcli ont till the succeciling 
yenr. As n rule, tbc inmgo singo is the Icnst long-lived; hut 
with beetles this is not the case, ns Ibo iningos very frequently 
bibernnlc. AInny Ihjwrnoptrra nro long-lived insects; bees, 
for csnmplo, live four or five yenrs. 

AInny fnmilics of insects, for instance, bark-bcetics, have 
irrognbir broods ; Iho slnlc of tbc wonlbcr, nnd tho quantity nnd 
quality of their food inny eniisc the development of one, two, 
or even three broods in n yenr. On the other band, certain 
circumBtnnces, such ns uninvonrnblo wonthor, want of oppor- 
tunity for pniring or for Inyiug eggs, mny not «n frequently 
enuso delay in n brood. Tims, for instnnee, n brood of the 
pine snwHy {Lophprm pmf, L.) Ims been known to extend 
over l-I to 2 years, instend of there being one or two broods in 
the snmc yenr. 


2. Habitat. 

Tho habitat of insects varies according to their stnto of 
dovclopmcut and the season of tho year. They arc sometimes 
found on or under the surface of the ground, or on woody or 
horhnccous plants. They generally hibernate under the soil- 
covering, or inside tho bark of trees. As a rule, all insects 
live near tho material on which they feed, but many iVander 
far, sometimes against their w-ill, ns when they are blown into 
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tlie sea by storms of winfl. They generally endeavour to return 
to»tbeir former abode, as in tbe case of bees and ants. 


3. Mobility. 


The mode and degree of rapidity with which insects move 
may be usually inferred from the structure of their organs of 
locomotion. Some insects have legs for running, as ground- 
beetles; for jumping, as fleas; for digging, ns criclicls; for 
swimming, as Avater-beetles. 

The images run or fly ; their course being rapid {Carnhus), or 
slow {Ccranibycid(f) ; their flight is either fast {Bomhint), slow 
\]\Ielolontha), irresolute {Papilio), or hovering (Syrphiin) ; i-x- 
tended (JAparis monacha, L.), or short (Gryllm). The flight 
of the?^ is heavier than that of the cJ , especially when she 
is laden with eggs. The mobility of the Inrvnj dcx)cnds largely 
on the number of their legs (6, 8, 10, IG, 18, 22), all but six of 
which are soft and fleshy prolcgs. ^lany lopidoptorous cater- 
pillars assist their movements by spinning threads, such ns 

those of many Bombyces, Geometers and Tortriccs (r.y. Torlriv 
viridana, L.). 


4. Pood. 


Metabolic insects feed only as larva) and images, and chioflv 
in the former state. Thus, the food of butterflies and moths 
18 limited to the nectar of flowers. Some beetles, however 
are destructive as images only {Hylobins abiclin, L., etc)’ 
Ametabohe insects also feed in the p«p„l stage. The appetite 
of kiiffi in both groups is enormous, and there are larvm which 
eat daily more than their own weight of food. 

as^cir diS canifuor.,«s or phytophayom, according 

as thou Chet is animal or vegetable. Most insects useful to the 

belong a,e wbttet plnot-rd;: « 

all more or less injurious. ° 

nutriment, ineeet. m„v b„ 

onlv att Monophagoiis insects 
only .ttack cerinm plant, at mott a gmnp of p|„L, t„ch «s 

imprafoct ^ d.iMtia t),. g tlio male, and 1, t],. 
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broad-leaved, or coniferous trees. Polypbngous insects attack 
trees of botb kinds, whilst pantoplingous attack herbage as well, 
and are least numerous of all.^ ' 

Even amongst carnivorous insects, monophagous and poly- 
phagous species are to bo found. Many parasitic insects, for 
instance, only attack a single species of moth, and in one stage 
only of its growth, in the egg, laiwal, or pupal state. 

Conifers suffer much more from insect-attacks than broad-leaved 
species. They afford nourishment to a greater number of in- 
jurious kinds, and do not recover from damage so readily, as 
they cannot replace injured members ns easily as broad-leaved 
trees. The Scotch pine and the spruce are attacked by the 
greatest number of species of insects, and pure woods of these 
trees suffer most severely. Oak, beech, poplars and willows 
suffer most amongst broad-leaved trees, the birch and alder 
less, and less still hornbeam, maple, ash. Least of all robinia, 
mulberry, walnut, plane, sweet and horse-chestnut. 

Suppressed, wealdy, and injured or diseased trees generally 
suffer more from insects than healthy trees ; at any rate this 
holds good for mature trees with thick bark. 

Species of insects which live on dying, dead or rotten wood 
are of no importance to the forester; such are Lucanus cerviis, L. 
and many species of Aitohiidce and Ceramhycidee^ 

Many insects confine their attacks to fully-grown or old trees ; 
others only attack young plants {Hylohius abietis, L.) ; others 
attack trees of all ages {Hylurgtis piniperda, L.). 

The attack may be on the roots {Grylloialpa vulgaris, L., 
Melolontha vulgaris, Fabr., in the laiwal state); or on the bark 
(most species of To^nicus and Hylesiniis ) ; or on the wood 
itself 1,1 rypodendron lineatum, Gyll., species of Sirex and 
Cerambyx); or on the leaves or needles {Phytophaga and 
■most lepidopterous larvas); on buds {Cureulionidte, Betinia 
iio iana, Schiff.) ; or on the blossom {Anthonomus pomoriim, 
0 , or on fruits {Balaniims nuctim, L., Carpocapsa pomoneUa, 
L.) , or on other parts of trees, for instance the pith (Uylurgus 
piniperda, L.). 


11 Hess. As a rule, entomologists would hardly 

call a spcticb that feeds indifTercntly on Picca, Pimts, and Zarix monophagous. 
but would leserve the torm for those insects whose diet ib limited to a Mncle 
bpccicb or genus. 
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Mnny insects Ijy biting nml sucking produce ninlfonnntiojis 
termed (/alls on leaves, shoots, fruits, etc. {Cjinips, Aphh, 
Cecidomyia, Chermrs and Cnccithe, etc.) ; such damage is easily 
discernible, but is of subordinate importance. 

Suction r\^ — ^N u.muuu. 

The number of individuals of a particular insect that may 
coexist is in many species limited, but iu others may attain 
vast proportions, especially under favourable circumstances. 
Thus in 1884,’ 200 square miles of Sal Forest (Shomi rnhiinln) 
in Assam, north of the Bramaputra river, were i-avagod bv 
the catei-pillnrs of iJanychira Thu-aitesi, the trees cxliibiling 
complete or partial defoliation. 

Fortunately, the most prolific of insects, plant-lice, are not 
the most destructive to forests ; these creatures, according to 
Reaumur, may produce 5,00u millions from one female in the 
course of five generations, and in one summer ton such 
generations may occur. Warm, dry ■weather ajid plenty of food, 
and breeding-places, such as diseased wood, or branches broken 
by snow, arc very favourable to prolific multiplication. Under such 
circumstances, insects which arc generally of limited numbers 
may appear locally in destructive swarms. Such an abnormal 
increase is frequently met -with in the case of the Grey-tussock 
moth {DasycMra jnidihumla, L.), allied to that species which 
ravages the Indian Sal forests. 

Most insects are solitary, but many, such ns bees, ants, 
certain kinds of wasps, and termites, are social and have a 
wonderful organization, framed on the principle of subdivision of 
labour. The larva3 of some moths are also gregarious. 


Section V. — Usefoi, Forest Insects. 

Carnivorous insects attack other species in various ways, and 
have been subdivided by Ratzeburg as follows 

Predatory insects follow and kill other insects in every sta^e. 
Ground- and tiger-beetles belong to this group. ° 


' * Indian Foi ester, vol. xx., p. 250. 
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Predaceous parasitic insects, like the former claes, seize other 
insects, but carry them to their nests, where their own larviE 
feed on them. Such are the fossorial wasps {Sphegidee or 
Crabronidee) ; they first sting their prey, but without killing 
them, and thus render them inert. 

Finally, parasitic insects wound the larvas, pupte, or even the 
eggs of other insects with their fine ovipositors to lay eggs in 
them. The larvfe hatching from these eggs feed on the juices 
of their hosts. Ichneumon-wasps and some flies (Tachina) 
are examples of this group- 

A classification of these insects according to their utility is 
scarcely possible ; of predatory insects, the largest are generally 
the most useful, especially species of Cardbus and Calosoina. 
Ichneumon-wasps and parasitic flies increase in numbers in 
proportion to the abundance of their hosts, which bring about 
an insect calamity; they are thus able to suppress it, whilst 
other animals, incapable of rapid multiplication, can only keep 
down the numbers of injurious insects in oi-dinary times. 


Section YI . — iNjunions Fobest Insects. 

1. Damage done. 

The gi’ouping of insects which are injurious to forests may 
follow either the degree of damage done, or the Idnd of damage, 
or nature of the attack. 

(a) Degree of Damage. 

In accordance with the amount of damage they do, we may 
distinguish forest insects as highly injurious, moderately, or 
slightly injurious. The part of the tree attacked and the 
severity of the attack, as well as the abundance of the insect in 
question, decide the degi-ee of injuriousness for any case. It is, 
however, impossible to assign any strict limits to the several 
groups. 

An insect is considered highly injurious when by the nature 
and duration of its attacks, whole woods, otherwise healthy, 
may be killed over more or less extensive ai-eas. 
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Moderately hijurions insrc<s AcBtroy cpvlnin ortiiuis only of 
trees, bucli ns’tbe sliools, leaves, itiflorcscence or fruUs. 

Sliyhihj injurious insecls bavdlj’ deserve notice from n forest 
point of view, as tliey only cause triflin'; ilnmnpe ; tliey eitlier 
attack dead stems, or tlio damage done is very sliorlly re|mired. 

In a time of exceptional multiplication, a motlrrait’hi 
insect may become hiylilij injurious. A single species of insect 
may also bo injurious in a different degree to diflerenl species 
of trees ; it may prefer one to nnolber, or one tree niny recover 
more easily than another from its attacks. 


(b) Kind of Damaijc, 

Insects may bo classed according to the kind of damage thev 
do, as coiiimcrciaWi/ or j)hysinloyic(iIly injurious. Thu former 
class render useless, or greatly reduce the commercial value of 
the part of the tree they attack, ns wood which has been bon d 
by Sirex. 

Physiological injury on Ibo contrary is that which int<>rfereK 
with the vitality of plants, checking the growth, or even killin'' 
them outright, as when the cambium of a tree is oaten bv 
Tomiciis Uipogmplms, L., or the needles of n pine by Lophyrus 
pini, L. 

Insects coming under this category arc tbcreforc more hurtful 
than those which merely destroy wood, although the burrows of 
the latter are sufficiently conspicuous, ilorcovcr, most wood- 
borers live in dead wood. It is, however, possible to pay too 
little attention to commercially injurious insects. 

The degree of physiological injury depends on the species and 
age of the tree, the season of attack, and on other local circum- 
Btonces. Mention has been already made of the greater suscen- 
tibility of conifers ; the spruce suffering most of nil, then the 
Scotch pine, silver-fir and larch, the latter bridging the wav 
towards broad-leaved trees. Young trees suffer more than old 

ones, and injury in the spring is more harmful than that done 
in summer or autumn. 


(c) Character of the Attack. 

■me .tuck m., be dth« 

I. the termer e.., hedth)- tree, .re mjereS by eplfc, 



144 


PROTECTION AGAINST INSECTS. 


the leaves, buds ox* seeds, by many shoot-borers, root-gnawers, 
and insects which attack young plants or saplings. The attack of 
other insects is only secondary, that is, it is made exclusively 
or by preference on plants already weakened by other causes 
(xvild animals, fungi, drought, frost, etc.). This is specially 
true of bark and wood insects, which abound in old coniferous 
trees. The rich flow of turpentine from sound ti'ees would kill 
the young larvae. Certain species, such as the bark-beetles of 
broad-leaved trees, accoi'ding to cii'cumstances, may make at 
one time primary and at another secondary attacks. 

This distinction is of practical imjxortance, ns nothing can be 
done in cases of primary attack except to remove the parts of 
the trees which have alreadj*- been attacked, together with the 
insects concerned; species which make secondary attacks can 
alone be caught by tree-traps. 

Species of insects which occur in forests, but confine their 
ravages to grasses and herbage, are of no economic importance, 
unless these products are of exceptional value. 

The foi'ester must, however, learn to distinguish harmless 
species from other injurious lands which the 3 '^ maj*^ I'csemblc. 

2. Preveyttivc Rules. 

(a) Sylvicultural. 

Since injurious forest-insects prefer to attack sicklj*, stunted 
Or weakly forest-plants, and may spread from these to their 
healthy neighbours, the safest method for preventing iaseei 
attacks is to follow the rules which experience has laid down 
in sj’h'iculture and forest utilization for the formation, tending 
and harvesting of woods. In general, the following rules should 
ho observed : — ' 

(i) Choice of suitable sixecies of trees and proper systems 
of planting. The species must bo those which are appro- 
priate to the localitj', and the system must correspond to the 
nature of the S23ecics gi'own. It is specially important to select 
strong healthy plants for plantations, and to plant-out most 
earefnllj*. 

(ii) Avoidance of extensive clearings with subsequent stocking 
of large areas with one species of tree, especially in coniferous 
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forest. It is better to have mixed woods, and to mix broad- 
leaved species with conifers. 

(iii) Careful and frequent examination of the woods for 
injurious insects. This precaution is most important in coni- 
ferous woods on poor, dry soil, in warm localities and especially 
during the spring. 

It is most important to keep a careful watch .round places 
where swarms of insects exist, and from which damage generally 
extends in all directions. The subordinate Forest Staff must 
be instructed to recognize and attend to the signs of an 
impending attack of this kind. Such signs are : unusual 
numbers of woodpeckers or cuckoos in a compartment ; bitten- 
off leaves or needles lying on the ground ; spun threads 
hanging from the twigs ; withering of foliage ; excrement, or 
boring refuse, or bore-holes in the stems ; exudation of resin ; 
discoloration or peeling off of bark, etc. 

(iv) Early and frequent thinnings, without interruption of the 
leaf canopy, are desirable. Such thinnings should remove all 
forest growth in a 'suppressed, sickly, or oven suspicious con- 
dition. A forester who merely removes dead wood does nothing 
to prevent insect attacks, for in it only unimportant species 
breed. Dying stems are the favourite resort of bark-beetles. 

(v) Every attention sliould be paid to the rules for maintain- 
ing and improving the quality of the soil. This is best accom- 
plished by careful preservation of the soil- covering, by draining 
away any superfluity of moisture, and bj' timely under-planting 
woods of light-demanding trees, such as oak, larch or Scotch 
pine. 

(vi) Suitable preventive measures must be taken against 
damage by wind, fi'ost, snow, ice, fire or insects. Broken wood 
must be worked up and removed from the forest as soon as 
possible, or at least barked. 

(vii) Stools of felled trees should be extracted or carefully 
earthed over, especially in coniferous forests, as many highly 
injurious species of insects {Hyldbins abietis, and several species 
of Uylastcs) lay their eggs in stumps and roots. 

(viii) Summer -felling in coniferous forests, together with 
careful removal of the bark. Wherever winter-felling is advisable 
for other reasons, some of the stems should be left lying as 

VOL. IV. T 
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traps and barked about June, after the bark-beetles have laid 
their eggs in them. If these beetles do not find wood nith 
the bark on lying in the forest they will lay their eggs in the 
bark of standing trees. 

(ix) The forests must be kept clean, the fellings rapidly and 
thoroughly cleared, and material from thinnings carted away 
without unnecessary' delay. 

Farther preventive measures against many species of insects 
are : tuming-in swine for “pannage," the employment of eater- 
pillar-treucbes, wood-traps, grease rings, etc. As, however, these 
measures are protective, as well as preventive, tliey will be dis- 
cussed further on. 

(b) Protection of Insectivorous Animals. 

The following are the principal insectivorous vertebrates : — 

ilanimals. 

All bats,* especially Vesperugo noctvla, Scbreb., V. discolor, 
Natt., F. pipistrcllus, Sohreb. The mole, shrews, especially 
Sorex vulgaris, the hedgehog, pole-cat, stoat, weasel and 
badger. These beasts, some of which have been already re- 
ferred to as mice-destroyers, should be unconditionally protected. 

The fox also devours numerous insects, particularly large 
beetles. 

Birds. 

The following birds deserve unconditional protection : — 

The common cuckoo (Cticuhts canorus, L.) ; woodpeckers, 
the wryneck {Junx torquilla, L.) j the night-jar {Caprimulgiis 
eiiropcms, L.) ; the swift (Cypsehis apus, L.) ; the tree-creeper 
(Certhia familiaris, L.) ; the nut-hatch {Sitta cacsia, Wolf) ; 
all swallows [Jlirundo, L.) ; wagtails {Motacilla, L.) ; pipits 
{Anthua, Beehst.) ; hedge-sparrow (Accentor, Bechst.) ; golden- 
crested wren (Regzilus ci-istatus, Koch) ; wren (Troglodytes 
parcidus, Koch) ; redstart (M. pheenicunis, L.) ; stonechat 
(Saxicola nihicola, L.) ; wheatear (S. oenanthc, L.) ; flycatcher 
(Muscicapa, L.) ; titmice (Parus, L.) ; starling (SUirmis vul- 
garis, L.). 

* Except tlie fmit-bats called flying foxes in India. 
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Among Baptores, all owls except the eagle owl {Bvho rfinnvus, 
Foster). Gulls ; tlic blacldieadcd gull (Larns ridihundns, L.) 
This latter frequently follows the plough, and destroys cock- 
chafer grubs aud wire-worms. The cuckoo is exceptional 
among the above birds for its power of eating hairy caterpillars, 
which other birds reject. Altum found the remains of 97 young 
Cncthocampa larvaj inside a cuckoo. The golden-crested wren 
is extremely useful in coniferous forests, spending the whole 
year in destroying insects’ eggs, larvne and pupre, as well as 
plant-lice, even from the highest shoots. Titmice are also 
extremelj' useful, and although the starling may steal cherries 
from gardens, yet its powers of destroying cockchafers and 
other injurious insects are very great. 

Of owls, the long-eai-ed owl (ylsio otns, L.) and the tawny 
owl {Syrnhon aluco, Boie), are the most useful. 

The following birds merit conditional protection ; — 

Passercs: finches (FrinyilUda) •, larks {Alaiididre) ; thrushes 
{Turdido}) ; the jackdaw {Corvus moncdida, L.) ; the common 
and hooded crows (C. corone, Latli., and C. cornix, L.) ; the 
rook (C. frmjilcyvs, L.). 

Baptores; the honey buzzard (Pernis aidvoriis, Gray); 
common buzzard (Bitteo vidgaris, Leach) ; the kestrel {Falco 
tinnuncuhis, L.). 

Limicola: woodcock {Scolopax rusticola, L.) ; snipe {Gal- 
linago) ; golden plover {Charadrius pluvialis, L.) ; lapwing 
{Vanelhis vidgaris, Bechst.). 

The passerine birds above mentioned do damage in various 
waj's, chiefiy as grain- eatei's, but are also useful in destroying 
insects. Where the damage ju’edominates, they must be kept 
down. Thrushes and blackbirds hunt in the forest for insect 
larv® and pupae, and distribute the seeds of useful shrubs and 
trees. 

The following birds do indirect damage, by killing useful 
birds or eating their eggs : — 

Passcres : shrikes {Lanitis, L.) ; jay {Garndvs glandarius, 
L.) ; magpie (Pica rustica, Scop.) ; raven (Corvus corax, L.). 

Baptores All species except those already mentioned. 

It should be noted that shrikes kill mice and insects ns well 
as small birds. ^ - 

n 2 


lis I'corrxTio.v against insixts. 

Tin* HKiv jn'olrrtion of to ftU('*»ls i-t not sufticiptit: 

iiuniK! for pi'oinotiii:; Uicit* iiuiUipliiMtioti *'hutthl o}‘;ri lx* iitttlpr* 
takoii. Till' follnuiitt' poiiitM slioultl In' nttoniloil tot- 

tit rrosorvotion of it ftov Iiollow trci“t iti foro-^ts, ns such Ircf ' 
IjnrlHiur useful hinls tiiitl hats. 

(.it) Tin* jtrovisioii of ho\os or vessels for nrsl-lmihliji" on In'cs. 
'J'licso may he mnilo of rarthoinvnrt*, of wotjil, of plnilfd straw, 
or tarnsl hashct-wttrh. Kven <lrit'tl hollow hotth'-^'oiirds may l>o 
ustsl for titiiiiff. M’hf earlhcmvare vessel** shouhl he of the 


ri‘<. t’s 



n, N'iiiMinlf for Attarliinrnt to tlic tree, h, llo)f for insertion of a Moxlen 
^oa^s5^t tliQ I>in1 in entcrin:;. r, Fligtil-lioic, il, Ilolci for the of n «irc. 

to nttnrii tlic I)Otli>ni of the pot to a piece of voml. 


shape "iveii in the fignre, and htivc n wooden base, and before 
hanging up should bo tarred and covered with moss. 

The wooden nesting-boxes invented b3' Glogcr in 1853 aro made 
out of half-inch hoards, and tarred. There are six kinds, 
including those shown in tlio figures, and suitable for starlings, 
flycatchers, and titmice. Some nrc used for the birds to sleep 
in ns well ns for nests. The horizontal partition shown in the 
figures oxchtdos cats, pole-cats, and other enemies, and also 
keeps the nest warm. It is essential to kcox> to tho dimonsions 
indicated bj* the reduced figures, or the nesting-box will bo used 
by othor s^iccios for which it M’as not intended. 
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Fig. 61. 

Fig. 62. 


Outside. InMtu 

Nesting-box for Starlings, Wagtails, Wrynecks. 

Fill. 61. 


Fig. 63. 


Nesting-box for tbc Fiyoatclier. 


Inner viow of a box siitli scvcia 
coniiiartmciits for a number of Tit- 
mice or similar birds. 

The figures reduced to .H, of the natural size. 



150 


I’JSO'i'KCTIOX AGAINST INSECTS. 


The following rules npply to the mnnner of hanging up the 
nest-boxes : — 

The boxes should only be Inmg facing towards the cast or 
south : never towards the west. 

As starlings are sociable birds, several boxes for them may 
he hung on the same tree, but for 
other species only one box should be 
hung on a tree. 

Boxes for titmice should be hung 
in tt dark place, best of nil in co- 
niferous forest, on spruce trees. 

Boxes for redstarts and flycatcliers, 
on the contrary, should be hung under 
light groups of trees, and on the 
borders of thin places and clearings. 

(iii) Shrubs should be planted in 
sheltered places, along a brook, or 
by a spring, ns water is a necessity 
for birds. Suitable bushes are privet, 
Nc,ting.box{ortl.«Si«rlins,ot i^oaoysuckle, viburnum, elder, white- 

, and blnck-thom, roses; as an over- 

growth, pollard ■ willows and mountain - ash. Undergrouib 
should also be carefully preserved in higli forest, unless it must 
be cut for sylvicultural I'cnsons. 

(iv) The birds should be fed when deep snow is on the ground. 
Bread or boiled pulse should not be given, as these substances 
become acid and unwholesome after wetting. For insecti- 
vorous birds pieces of suet or chopped meat are suitable. 
Thorns should be placed over the food, so that crows, doves, 
and spnn-ow-hawks may bo kept ofl'. The following places ai’e 
most suitable as feeding grounds: — high gi-ound for titmice, 
tree-creepers, woodpeckers and finches ; roads for yellow-am- 
mera and hedge and tree-sparrows; fields and gardens for robins, 
linnets, finches, and migratory birds from the north; for 
fieldfares, thrushes ond blackbirds, the food should be placed 
under a shady conifer at the edge of the forest; the places 
which wrens frequent should he ascertained, and the birds fed 
there. 

. • (v) Forest-litter should not be removed from March till July, 
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as many useful birds nidify on the ground, or close to it, and 
would be disturbed. 

(vi) Birdsuesting and tbe trapping or killing of useful birds 
should not be allowed. 

Legal enactments to protect useful birds are necessarily 
made by tbe State, and should be properly enforced. In con- 
tinental forests, enormous numbers of thrushes, fieldfares 
aud similar birds are caught every year in the autumn and 
winter by means of horse-hair nooses attached to the trees. 
Wherever such bird-catching is allowed, the open season should 
be limited to the period between the 1st of October and the 
1st of February. 

Reptiles and Amphihiu. 

Toads, frogs, and lizards are very useful as insect and slug 
destroyers, especially in gardens and forest nurseries, but they 
are not nearly so numerous as useful bii’ds and mammals, 
Snakes and slow-worms are also useful, but the poisonous adder 
{Pelias hcvus, L.) m'll naturally not be protected. 

Insects. 

A detailed account of the chief useful insects follows in 
Chapter Y, Their number, especially that of ground-beetles, 
ichneumon-wasps and Tachime, increases steadily with that of 
the destructive insects ; this fact is all the more important as 
the activity of mammals aud birds altogether fails to combat 
such calamities successfully. 

Spiders. 

Spiders {Araclinida) include two distinct families of insect- 
destroyers, Arancina and PJialangiina. The common garden- 
spider {Epeira diadema, Cl.) may be taken as an example of 
the former class, and the common harvest-man {Phalanqhm 
parietinum, Hbst.) of the other. The former catches manj* 
small beetles and other insects in its large vertical nets expanded 
in the underwood of forests, and the harvest-men become very 
active in the evening, moving about rapidly with their long 
stilt-like legs, and preying on small insects, plant-lice, &c. 

The web-making spiders may do some slight injury to plants 
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by their webs, which interfere mth the full develoiJment of 
blossoms and foliage. 

Myriapoda. 

Centipedes, of which Lithobins forficatun, L., is an example, 
and millepedes, for instance, htlus terrcstns, L., live under 
bark, stones and moss, and kill numbers of insects, also slugs 
and snails. Species of lulus also attack fleshy roots in gardens 
and fields, as well as wheat, and fruit such as strawberries ^ they 
also appear to cut off seedlings at the collar in a manner similar 
to wireworms. 

3. Remedial Measinxs. 

In considering the measures to be taken in attacking insects, 
we must select the proper season, and adopt means which do not 
entail a greater expenditure of time, trouble, and money than 
the results will justif}'. 

In general, the following rules may be adopted : — 

(a) Collection and destruction of eggs, larrtcs puim or perfect 

Fia. 66. Etc. 67. 




C.-itcTpillar slietvrs (tvtluceii). 

Float " Back, 

ft. Coni b. Spring e. JIovcaMo blade. 

insects. A knowledge of the life-history of any particular insect 
will inform the forester of the stage in which it is best attacked. 

Collections of insect-eggs can only be made when they are 
laid in clusters, as tliose of mole-crickets, the lackey- moth, and 
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tlio bkck-arclies moth. The simplest method of destroying tho 
latter is to crush them on tho tree. Tho Inrvic of lepidoptera 
and sawflies may ho collected by shalcing tho attacked polc.s or 
saplings, or hy heating with a mallet or tho hutt-end of an axe 
at tho base of tho branches of ti'ces, so that the larva) fall on to 
a cloth spread on tho ground. Care must be taken to protect 
the hands of collectors by gloves against hairy caterpillars, 
which, when handled, ..cause inflammation. AVhen in groups on 
the trees, larvo) may be crushed, and branches bearing the spun 
web-like nests of certain gregarious kinds may bo cut-ofl' with 
pruniug-shears, or they may be burned on the trees by holding 
torches under them. 

Larva) fall most readily from trees in tho early morning and 
evening or during moist, cool weather. Tho larviu of but 
a few' species of beetles can be profitabl3' collected, for instance, 
cockchafer grubs. 

The collection of pupa) is beat elTcctcd when they lie in 
clusters in the moss and dead leaves of the soil-covering, such 
as the pupa) of PanoUs piniperda, Pans., or hang low down the 
stems in bark cracks, or on undergrowth. 

Perfect insects may be collected bj" simply picking them b.v 
hand from the ground, by shaking them, like larva), from the 
plants on which the.v settle, or by means of traps made of strii)s 
of bark, laid on the ground flat or rollcd-up, into which the 
insects crawl ; this is a common method of catching great 
numbers of Hylohius abietis, Fnbr. The bark should be fresh 
and laid with the underside dow’nwards. Other materials used 
as traps are faggots, logs and brush-wood. 

In collecting the iraagos of insects, it is necessarj’ to capture 
the female alone, and that before she has laid her eggs. This 
can only be done practically in the case of those Lepidoptera, 
in which the ? can be readilj' distinguished by her size and by 
the nature of her antenna) from the (J. 

Larva), i)upn) and imagos may be killed by pounding them 
in trenches, or bj' pouring boiling water over them, or by quick- 
lime, etc. 

(b) Preparation of Insect Trenches. These are useful against 
larvED W'hich wander on the ground, and certain beetles, for 
instance, the pine-weevil, Hylobius abietis, L. They should bo 
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made 10 inclies broad, and 12 to 16 inches deep, with vertical 
walls, and with holes 4 to 5 inches dee]) every 1^- to 2 yards along 
their floor. The trenches must he inspected every morning, 
and the insects which have been caught should he lulled. 

(c) Grease rings, made of various substances such as Stock- 
holm tar, glue and grease, may he painted on trees so as to cut 
off larvie from their food or from the ground when they wish to 
descend and pupate. 

(d) Swine may he driven into woods which are attacked, and 
they kill numbers of larvae and pupae which are in the soil- 
covering. 

(e) Pulling-iq) phnils and burning shoots which have been 
attacked ; or buds attacked maybe pruned off. Infested branches 
should be cut off. 

Stems full of insects, or their eggs, etc., may be cut down 
and barked, and the bark burned or exposed to the sun. This 
should be done before the perfect insects emerge, usually in 
Jlay and June. Great care must be taken ns to the proper 
season for barking such trees, which form so many tree-traps. 
If it be done too soon, before the bark-beetles have finished 
breeding, there is danger of other standing trees being attacked, 
and if it be done too late, after the perfect insects have forced 
their way out and flown away, then the veiy institution of tree- 
traps will have multiplied instead of diminishing the numbers 
of the insects. It is therefore better to bark the traps before 
the Im^m have pupated. 

. (i^ Preparation of tree-traps. Trees may be specially girdled 
to servo as tops before the eggs are laid. For such purposes 
stunted or sickly trees should be selected ns for thinning pur- 
poses. After the insects have visited them they should bo 
treated like trees attacked in the natural course. 

(g) Clearance of infested areas. The whole wood may bo 
cleared and the soil thoroughly cultivated after burning all the 
branches, etc., which are infested -nitli larvfc. This, of course, 
is a Inst resort. 

(h) Spraying. Trees and plants in orchards or in forest 
nurseries may bo sprayed with certain substances to keep off 
insects, such ns lime-water, whitewash, potassium sulphide- 
solution, decoction of tobacco, etc. A good recipe appears 
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lo \)e one ponnfl. of pure unslakccl lime, mixed Nvilli iibouL 70 
gallons of water. The lime is slaked and then mixed with 
the water and stirred up to form a milky fluid, which is allowed 
to stand till the lime is deposited ; the water is then used on the 
trees. The lime can he used again for five or six times tho 
q^uautity of water. The application is useful ns long ns tho 
insects are still in the larval or prapnl stage. 

The sulphur solution is made by dissolving 1 part of potassium 
sulphide in 500 parts of water, and tho foliage is sprayed with 
this solution. This drives all the caterpillars at once from tho 
tree, and sprinkled leaves escape further damage ; 5 men m two 
days, with 38 lbs. of potassium sulphide, and the necessary 
water, cau sprinkle 250 trees, at a total cost of 50 shillings, 
or five trees for 1 shilling. 

The most valuable mixtures for tree-spraying are arsenical 
washes or kerosche-emulsion. The former arc made by stirring 
about 1 lb. of Paris-gi-een or London-purple into 200 gallons of 
water, with the addition of a little flour or dextrin, and keeping 
it constantly stirred during tho operation of spraying. As this 
mixture is poisonous it cannot bo used where there is risk of 
to game. If it scorches the foliage it must be further 
diluted. 

Kerosene - emulsion is made by emulsifying 1 gallon of 
kerosene oil with half a gallon of boiling w’atcr in which a pound 
of soft-soap has been dissolved. It should be constantly churned 
for ten or more minutes, and is diluted for use by gradually 
stirring in 11 or more gallons of rvater. It is especially suitable 
for suctorial insects ; whereas arsenical preparations chiefly serve 
for biting insects. 

(i) Concluding liemarks,~A fuller account of all these 
methods will be given further on, under the heading of each 
species. Na,ture itself can relieve tho forest best from insect 
attacks, for ichneumon-wasps, fungoid diseases, and damp, cold 
weather kill off myriads of insects and eventually put an end 

to any abnormal swarms of a destructive species which ninv 
occur. ^ 

As a rule, such a swarm lasts three years, but there may be 
a partial swarm one year before and after this period. 

In Prussia, very large sums of money have been spent on' 



■j^56 protection against insects. 

the doBtruction of forest insects ; according to the follov^ing 

table : - - j-n 

187G-77 

1877 - 78 . ♦ • • ^ 30,160 

1878- 79 

1879- 80 . • ‘ 

This shows a large progressive diminution, fmm 
he inferred that insects arc diminishing in the Prussian forests. 

4, Treatment of Injured Woods. 

Wooa» insects AonW only be 

0,0 signs tbnt they hove been fetelly „ 

dryilig-up or wilting of buds, ^ g^„ll icfvesor 

part of the crowns of the trees; do\e p of watery 

needles, the latter frequently' m subsequent separation 

turpentine from the baric j loosening 

of the bark; appearance of brown ^ of Cemmhy- 

or sapwood; abundance of insects such as p 3 

cUhe and which hvc only on den gpecial 

on the importenoo of such eigne, no mn , . -ftpceattackeil, 
ciroumetenoee otenoh cnee, the ineeot, fte 

its ego. aie loeeUty, etc. Beetloe ™ ^jX\tlle.«d 
pillete. Oonifetone n-ood le more “■“‘J' ajetoyed 

trees, and w'hole spruce and pine n oo better resist- 

^vhen badly attacked ; silver-^ and beech, 

ance. Birch, elm and ash die more readily tliaujk 

Young trees succumb more quick y ^ ® j ^ than on a poor 

trees. On a good soil a recovery is ^ndertahen 

one; clearance of the wood should be less leadily 

in the former case. ' . . the attack. 

The best time for cleanng is in the ^i^^er ® ^.g^joved as 

The large trees should first should be got 

soon ns possible from the fores . lar^rer pie'ces barked, 

ready as soon as possible, and at least ^ried, the 

Before stacking, the 

stacks must be raised ® ^10““ removal of all split 

placed apart in ivell-ventilated places. The 

wood must be expedited. 
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Cultivations wliicli have been attacked and killed must be 
replanted. Injured poles require tbe greatest care ; if they are 
so young that transplants can bo brought in, this should he 
done, if necessary, after widening the blanks. The beech and 
hombenni are vei-y suitable for planting in such cases. If, 
however, the poles are too tall, and still too dense to be under- 
planted, either a clearing must be made of tbe whole crop, and 
the area restocked by sowing or planting, or the wood should be 
heavily thinned and underplanted with a shade-bonrer, such ns 
silver-fir, spruce, beech or hornbeam, etc. 
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CHAPTER V. 

INSKCTS rSHFUI. TO ronKSTS. 

It is most osseiitial that in coml)aliug the attacks of injurious 
forest insects, the forester should he able to distinguish insect 
friends from foes, and uiiimi)ortnnt species from hurtful ones. 

The following is therefore a short account of the most nscfnl 
families of insects, which are found chiefly in the orders of 
Colcoptcra and Tljjmcnoptcra, but also in the remaining orders, 
except those of Lepulojytera and Orthuptcrn. 

Onnim I, — Coi.KorTKnA. 

1. Cicmdelidas {Tigcr-Bectlcs). 

Perfect insects of moderate size, slender; mandibles power- 
ful, w'ith three teeth ; antennas Aliform, with 11 joints. Legs 
long and slender, with five tarsal joints. Abdomen of six seg- 
ments, the three first fused. Larves long, somewhat flattened 
and humped in the middle, with a broad head and C feet. 

The larva} dig vertical holes as thick as a quill in the sand, 
and I'omain at the entrance with projecting head, in wait 
for an}' passing insects or worms, which they seize and suck 
•dry. The beetles prefer sandy and sunny localities, especially 
wide sandy roads, are very active, alternately running and flying 
over short distances, and greedily devour other insects. 

One genus, Cidndcla, with a few British species ; of these, 
G. campestris, L., is the only one with an extended distribution 
in suitable woodland localities. 

2. Carabidee (Ground~Bcetles). 

Perfect insects variable in size, but-often large; mandibles 
smooth or with only one tooth ; antennse filiform, with 11 joints. 
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Pew of the larger species have functional wings. Legs thin 
and long, for running, with five tarsal joints. ’ Abdomen of six to 
eight segments, the three first fused. 

Larva long and cylindrical, with six legs. 

The beetles live through the winter under moss, stones and 
pieces of hark, in old rotting stumps, etc., pair in the spring, and' 
lay their eggs in the ground. The larva? live either in or on the 
ground, and eventually pupate in the soil. 

Both the larv£B and perfect insects destroy other insects in all 
their stages ; the larvse in particular are very voracious, and 
mostly prey at night. The family is rich in genera and species. 

The following large species are most useful in forests where 
they occur: Carahus catemdatus, Scop.; C. granulatvs, L., C. 
cancellatvs, 111., Calosoma inquisitoi', L., etc. 

Other species are found on the continent, such as Procrustes, 
coriaceuSfL., Carahus auratus,L., C. auronitens, Pabr., C. sylvcs- 
iris, Panz., Calosoma sycoplianta, L. ; the latter, which appears 
in great numbers when there is a plague of insects, and seeks its 
prey in the crowns of trees, destroying the larvae of destructive 
Lepidoptera, is especially valuable. 

Certain species of liarpalus and Ptcrostichns devour coniferous 
seeds when covered with moss, and Zahrus gibhiis, Pabr. is 
destructive to' young wheat. 

3. StapUylinida {Hove Beetles). 

Perfect insects usually of small size, long-bodied, and charac- 
terised by very short elytra, which leave the greater part of the 
abdomen exposed. Antennae generally threadlike, with 10 to 11 
joints. Tarsi mostly 5-jointed, but occasionally with three or 
four joints. 

The abdomen, consisting of 6 to 7 free segments, is turned up 
at the approach of any possible enemy. 

The larva are long, with six legs. The pupal stage occurs 
mostly in autumn, and the beetles live over the winter. 

The mode of life of these very active beetles resembles that of 
the ground-beetles. Both larvae and imagos of the larger species 
feed on other insects, but from a forest point of view they are 
of loss importance than the ground-beetles. The larvae are 
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found especially under moss, but the beetles chiefly in decom- 
posing substances, such as fungi, dead leaves, dung, carrion, 
etc. There are nearly 800 British species. The largest species 
are : Ocypm olens, Mull, (the “ Devil’s coach-horse ”) Staploj- 
linvs ctesareus, Cederh., Greophiliis masillosus, L., etc. 

4. Silphida. 

Beetles flattened oblong or oblong-oval, usually with 11-jointed 
clubbed antennse ; thorax with a flattened side-margin ; anterior 
coxee conical ; tarsi 5-jointed. Usually dull, black and often 
ntgose or ribbed. 

Both the laiwffi, which have 6 legs, and the beetles live in 
carrion and decomposing substances. Some genera, such as 
Silpha, Fabr., attack insects. Silpha qiiadripiinctata, L. lives 
in summer on oak trees, and feeds on caterpillar’s, &c. It has 
the margins of the thorax and the elytra ochre-yellow, the latter 
mth two black spots on each. 

6 . Nitidulida. 

Beetles small, oval or oblong, with straight clubbed, 11-jointed 
antennas inserted under the frontal margin. Tarsi short, usually 
with 5 joints. Abdomen with 5 — 6 segments. 

Larva long, -aith projecting horny head and 6 legs. The 
flattened genera, lihiaophagus, Hbst. and Pityophagm, Shuck., 
which live under the bark of trees of both broad-leaved and 
coniferous species, are regarded as enemies to bark-beetles. 

6. Colydiidee, 

Beetles small, thin and long, with 8 — 11-jointed clubbed 
antennte. Tarsi 4-jointed. Abdomen of 5, rarely of 6 segments, 
of which the first three or fom* are fused. Larva long, and 
sometimes with homy plates below ; 6-legged. 

The species of this family live in decaying wood, in fungi, or 
under the bark of trees, and are predaceous. 

Cohjditm elomiatum, Fabr. locates itself in old oak trees, and 
destroys the larvre of bark-beetles, such as Xylebonis drgo- 
gritpluis, Er., &c. 

Th^ Colydiidie and the closely-allied CnciJuUc, many of which 
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have similai’ habits, are as a rule very rare in Great Britain and 
therefore of little economic value. 

7. Coecinellicla, 

or Ladybirds, are small, smooth, hemispherical beetles, with 
red or yellow elytra, spotted with black. Antennsa very short, 
clubbed, 10 — 11-jointed. Tarsi 3-jointed. Abdomen of 5 free 
segments. 

The larrce are long and pointed behind, therefore somewhat 
lizard-like in shape ; they possess six legs, and are covered with 
warty tubercles, pits or spines. Those of the commonest species 
are slaty-grey, with four or six yellow spots. The beetles fly 
in the spring, and lay their yellow eggs in clusters on plants. 
The larvae pupate in July and August, hanging from the leaves ; 
in 14 days the beetles appear, and they pass the winter under 
dead leaves, bark, &o. Both in the larval and perfect states, 
and especially in the former, they eagerly hunt and kill num- 
bers of plant-lice or aphides, and mites, which do much mischief 
to fruit and forest trees. 

Ladybirds are migratory when abundant, and sometimes 
appear in certain localities in enormous numbers. The com- 
monest species are : G. sejjienqninctata, L., the T-spotted lady- 
bird, and A . hvpunetata, L., the 2-Bpotted ladybird. Certain 
species are only found in forests, as Halyzia ocellata, L., chiefly 
on pines, H. octodecimgnttata , L., on spruce. Scymmis, Kugel., 
lives chiefly in coniferous woods. 

8. Malacodcniiata. 

This group of families is characterised as follows : — Beetles 
generally long, with soft flexible elytra. Antennae slender, 
10 — 12-jointed. Tarsi 5-jointed. Abdomen of 6 — 7 free seg- 
ments. The females sometimes resemble larvae. Larvte long, 
flat and generally hairy, with 6 legs. 

The predaceous families included in this group are; the 
Teleplioridae ; black, brown, or yellowish beetles, about LnTf 
an inch long, of which Telephorus fiiscus is a common 
brown species. They usually feed on other insects, but that 
species and T. obscuriis, L. have been observed sucking 5 — 15- 

von. IV. • ' nr 
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ycnr-oltl shoots of oak and Scotch pine, which then turn black 
and die. 

Their hirvtr are also carnivorous, feeding on earth'Worms and 
ground insects; they pass the winter in the earth, or uniler 
stones, and during thaws sometimes come out on the snow. 
The 3 ' pupate in the spring. 

The Clcridtr arc small, cylindrical, liuiry hectics, with very 
short serrate antenna}, somewhat thickened at the ends. Tarsi 
with 4 — 5 joints. Abdomen of C segments. Ltnrte long, and 
genoralh' rose-coloured, with hornj' head, C-legged. The beetles 
pair in the spring, and the eggs arc laid in the hark of trees, 
under which the larva} live. New hectics appear in the autumn. 

The larvte and hectics hunt the grubs of bark-beetles in their 
borings, and also cat dead animal substnuccs. 

Clcrus formicarius, L. is the best known species, and its larTie 
are frequently' found iu the borings of JTi/ltirpus jnnijterda, h., 
and the beetle may’ be frequentlj' seen in the forest running about 
over heaps of firewood and felled trunks. It is gaily coloured, 
black, with the greater part of the thorax and the base of the 
elj'tra red, the latter also crossed by two white bands. The 
species is loeallj' common in conifer-woods in Groat Britain, ond 
is the most important iusect-enemy to Scolytidtc w’O possess. 


Obder II. — ^Hymenoptera. 

1 . Ichncumonidfc.* 

Certain allied families, such as the Braconidtc, Chalciduhe 
and Ptcromalidfc, are included in this description. In this hook 
these insects are termed ichneumon-wasps to avoid confusion 
with certain parasitic flies {Tachince) of similar habits belonging 
to the order of Diptera. ' 

Imagos of various sizes, long and slender. Head with three 
ocelli. Antennae generally slender, rarely clubbed, and with 
many joints. The veins of the wings, when a submarginal 
vein exists, form distinctly closed cells, bnt it may be absent 
and the system reduced to one or two veins. 

* For a complete account of Gcimnn iclmeumoiis, vide Tasclicnbci^ (J^ze 
Hymenopteron Dcut&clilatids}, Leipzig, 1886. 
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Trochanters Uvo-ringed, tarsi generally 5-jointod. 

Abdomen frequently stalked, and in tho female provided with 
n long ovipositor, formed of a slender borer and two lateral 
sheaths. 

Larvcc soft and tapering at both ends, generally white, and 
without hair or logs. 

Pujia with the limbs free, soft and white. 

The season for tho flight of these extremely useful insects 
falls between May and August. Tho ? lay their eggs either on 
or in other insects (Lepidoptora, beetles and Hymenoptcra), 
which they pierce with their ovipositors, generally attacking 
the larvaj, less commonlj’- the pupro, and seldom tho perfect 
insects. Certain minute species attack the eggs. Onlj' the 
larger larva> are attacked as a rule. An ichneumon will rarely 
attack an insect which has already been pierced. 

The larvaj appear soon after the eggs have been laid, and may 
pass tho uinter in the pupa? of the host. 

They pupate in cocoons, sometimes outside tho host, some- 
times enclosed in its own piipal skin ; the species of Picromalns 
alone form exceptions to this rule. Tho ichneumon-wasps cut 
out a round jjiecc from the cocoon to emerge, passing the 
-winter under moss, in stumps, &c. 

The whole scries of transformations generally requires 3 — 6 
weeks, and the generation is usually siiiglc, but sometimes double. 

Ichneumon-wasps are shy, and run and rapidly ; they do 
not, however, go far from their birthplace ; they may appear in 
great numbers, and are constantly quivering their wings. 

Most of the larvaj are parasitic within their hosts, whoso juices 
they suck, but some remain outside them (many species of 
Pteromalida: and Chalciclida:). Infested larva) continue living, 
and eat ravenously in order to supply their i)urnsitic guests as 
well as themselves ; they do not, however, reach maturity but die 
either as larva) or pupa). 

It was formerly believed that most insects which did not attain 
full development were hilled by insect parasites, and breeding 
cages covered with coarse network were maintained in which 
all larvae infected by ichneumon-wasps or flies were placed and 
fed. The network allowed the latter when fully developed to 
escape. 


ai iS 
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These cages,* howevei*, have only proved nsefnl in nlloTong 
the life-history of the parasites to be studied. 

It is now well Itnown that insects are destroyed in Inrge 
numbers by bacteria and by fungi, the spores of which fini 
entrance into their bodies either through their skin, or amongst 
their food. The infected caterpillars may be easily recognize! 
by discoloured spots on their bodies, and by then’ reduced 
activity, and they die when the mj'celium of the fungus has 
spread inside them. Thus viuscardine is a well known disease 
of the silleworm, due to Botrytis bassiana, and this fungus 
attacks Panolis pinixicrda, L., Gastropaelia pint, L., and other 
caterpillars. Wet years, being favourable to the fi’uctificalion 
of the fungi, cause these diseases to spread amongst cateipillors.t 

The question wdiether ichneumons or parasitic plants are of 
more importance from a forest point of view is still open. It was 
believed by Eatzeburg that ichneumons attack only insects already 
diseased owing to infection bj' parasitic plants, or the weather, 
and the importance of ichneumons is due in his opinion not to 
their secondary activity in attacking insects, but to the fact that 
the approaching end of an insect calamity may be predicted 
from ^e increase in tbeir numbers. He asserts tlint when 
50 per cent, of the caterpillars are attacked by ichneumons, it 
is not worth while spending any more money on measures for 
destroying the caterpillars, as the calamity wdll then die out 
speedily. 

TaschonbergI and Judeich,§ however, contest this opinion, 
and consider that perifectly healthy cateipillars ore attacked by 
ichneumons ; their view is now generally and properly hold. It 
is impossible to imagine that an ichneumon, such ns Pimpila, 
which inserts its long ovipositor through the cracks of bark to 


• In Betignl, where a Tncliinirl_ fly attacks silknoiins, these aro soinctiinos 
fed inside a frame-work covered with ganze to cxchule the flics Tiie m^t iistial 
plan, however, is to tear the Bengal inultivoHine silkworm foi silk in alter- 
nate months onlv (it has hcvcii or eiglit generations in the jenr); during the 
other months 'a limited mmiherof worms nie carefully kept to produce eggs for 
the next Inood. The flics, whicli have also n gciictation cveiy montli, not liiiding 
sufficient silkworms to lay tlieir eggs in, nio thus greatly reduced in iiiiiu1)ci>, 
whereas, if the silkwoims are bred in the open every month, whole broods voiild 

be destroyed by the parasites. . . , „ ^ , ,,, 

t For an account of fungi attacking insects, t-We Cookes “Icgcfnbic Wasps 
and Plant Worms," London, 18P3. 

S Forstwirthschaftliehe IiiscctenUunde, p. 271. 

§ Wnldvcttlcrbcr, 7th edition, p. 14. 
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reiich a coiiccnlod lavvro, can have any accurate porcoptiou of the 
state of health of its host ; and the cxporicuccs of those who 
breed larvro in captivitj* show conclusively that this is a matter 
of indihcroncc to the Iclinciimonidtc. 

The families referred to are very rich in species, of which 
many arc parasitic on destructive forest insects. Ichnoutnon- 
wasps are in general monophagous, to such a degree that they 
only attneU a particular species in a certain stage of dcvolo]!- 
inent, either ns larvie or pupic, &c. The greatest number of 
species (in all 30) attack the Pine moth — Gantrojmclui pini, ]j. 
^lany are found in the Black-arches, the Pino noctua, the Pino 
sawfly, &c. 

On eggs: 'Tcleas l<cviuscnhis,Ji\atz. (G. pint) and 'T. terebrans, 
Batz. are parasitic. 

On larvfc ; Microgastcr glohatus, Noes. {G. Banchus 

compressus, Fabr. (Panotis pitiiperda, Esp.). 

On pupec: Enlophns xanthopus, Nces. (Cf. pint), E. lophg- 
ronnn, Hrt. (Jjophyrns pini). 

On laiTcc and jnqnc : Anomalon circnnijlcxinn, E. (^G. jnni), 
Ptvipla instigator, Panz. (Liparis monacha, L. dispar, Porihesin 
clirysorrha-a, <0o.).'' 

2. Sjihegida: {Fossorial IVasps). 

Imagos with a large head and 3 ocelli. Autenna; slender and 
moderately long. Fore wings flat and without folds, with 1— '1 
cubital cells. Legs with smooth femora and simple trochanters. 
Tibiaj and tarsi fossorial, and furnished with strong hairs and 
spines. 

Abdomen stalked, generally Avitb 7 free segments, and always 
terminating in the $ with a sting. 

The larvcc and pttpec somewhat resemble the perfect insects, 
but have no legs. 

These insects appear in summer, living in pairs and building 
their nests in sandy earth, in rotten wood, craclm in walls, 
&o. They attack plant-lice, larvte, beetles, grasshopjicrs and 
spiders, wound them with their stings and convey the disabled 
insects to their nests in order to lay their eggs on them. 
Some species close up the colls in their nests, and the larvaj 
The names witliiii hmekets are tliose of the hosts iii which' tlio parasites live. 
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8. Vespidas {XJ^asps). 

free from hairs, black or 

Imagos moderately slender, a o 

browii with yellowish ^ e, elbowed and with 12 

Antenme approximate at the 
joints, thicltcned at the apex. 
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Foro -wings folded longitudinally when at rest, with a radial 
coll I’caching to the end of the wing, and 2 — 3 cnhital colls. 

Legs simple, without prominent hair.s or spurs. 

Abdomen stalked, furnished with a sting in the ? . 

The larvfc are white or yellowish, with hroAvn heads, soft and 
legless. ' 

The species which form this familj' live either sociall 3 ', or are 
solitaiy. 

Those which are most useful, from a forest point of view, arc 
social Avnsps, consisting of three classes: — (J (drones), ?, 
and ^2 , workers which are infertile females. The eggs arc 
not laid b)' the female immcdiatclj' after fer- 
tilisation ; she hibernates and commences the 
construction of a nest for a now colonj'^ about 
April. From the spring until late in the summer 
she lays her eggs in the regularly hexagonal, pris- 
matic, horizontal colls of the nest. She is gradually 
joined in her labours by her progeny, of which first 
Tj , then $ , and lastlj' the stinglcss are produced. 

The latter die soon after pairing. If by auj' acci- 
dent the mother wasp should die before any perfect 
females are produced, the whole colony would become extinct. 
The duties of the I? are to continue building the nest, to feed 
the helpless Inrvas, and to defend the colony against enemies. 
The nests are covered with a imper-likc material, and are con- 
structed on trees, in a hollow trunk or suspended from a branch, 
or in buildings or a hole in the ground. Just before pupating, 
the larvoj spin covers to their cells. The ^2 become torpid in 
the autumn, and their last office is to massacre the undeveloped 
brood, which would otherwise die of hunger, as their food-pro- 
viders themselves are speedily killed by the increasing cold. 
The fertile females alone leave the nest and survive the winter 
in a dormant condition, reviving in the spring to provide fresh 
broods for the future. 

Wasps seize insects, especially moths and flics, jjartl^* for 
. their own nourishment and partly to use their juices as food for 
their offspring, or even to feed them with the living insects. 
They do a certain amount of damage by eating sweet fruits, 
plums, grapes, &c., and especially the hornet (Fesjia crahro, L.), 


Fkj. 70. 



Wjisp-bottle. 
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by girtlliiig 2 to 4-3’Cfir-okl shoots of bcccli, bircli, hornbeam, 
&c., and bj' barking ash, whito ahici*, &c. ; they prepare the bark 
b}' chewing and mixing with n sticky secretion, and use it for the 
fiibricntioii of their nests. Barking of trees also causes a flow 
of saj) which servos as food.’ 

Whore much damage is done, hornets’ and wasps’ nests may 
be smoked out, or tar, kerosene, or a solution of ejanido of 
potassium poured into the cntrance*holcs. Glasses containing 
beer, &c., for catching them, ns shewn in fig. 70, may bo 
hung up on fruit-trees. 


4. Formieidte {Ants). 

Ants also* have three classes — males, females, and workers. 
The head is triangular and very large in the . There are 3 
ocelli, at least in the c? and ? . The antonnni have 10 — 14 
joints. The wings are long and with few reins. The abdomen 
is stalked and often spherical, w'ith a sting at its extremity, or 
a gland which exudes formic acid. The c? arc generally much 
smaller than the $ ; both these sexes have a well-developed 
globular thorax, wider than the head, and a largo abdomen. In 
the the thorax is very narrow, much narrower than the head, 
Avhich is nearly as large as the abdomen ; they arc wingless. 

The larrec are thickset, somewhat curved, w’hite and apodal. 
The ptijue are soft and white, with the limbs separately invested, 
usually enveloped in thick white cocoons, when they are Imown 
ns ants' prigs. 

The ants fly in July and August in still warm weather, often 
in cloud-like swarms. The ? , who loses her wings after 
pniiing, either lays her eggs the following spring in the old nest 
or she forms a new colony in the ground or in a holloAV tree. The 
larvm live in thousands in the ant-hills, and are fed and carried 
about by the numerous I? , of which there may bo 5000 and 
more in one ant-heap. In case the ant-hill should be disturbed, 
the endeavour to carry the pupie to a place of safety. 

The jjerfeot insects come out at the end of May, or the 
beginning of June, after the b have opened the cocoons. First 
appear the ? , then the c? , and last the . The ^ die soon 
after copulation ; as the cold increases many of the $ also die, 
the live over the winter. Ants are endowed with a re- 
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mavkablc sense of loenliiy ; if tlieiv ncsl bo injured, they eject 
formic acid, which slightly burns the skin. 

For a long time past the usefulness of those little animals lias 
been recognised. ‘ They attack and kill numerous insects and 
larvaa, especially small caterpillars, and clean the forest" of many 
dead insects. In utilising other insects they show extraordinary* 
ability for creatures so low in the animal kingdom. Some ants, 
living in hollow trees, carry the larvte of a beetle, Ccfon'ui 
aurata, L., into their nests, as these larva) chew up the wood 
into small pieces for them : in the same way Claviger fovcolatus, 
Preyssl., lives in the nests of the yellow ants. 

Plant-lice are also kept in ants’ nests, as the ants use the 
honey- dew which exudes from them to feed their young, milking 
them lilcc cows. 

Trees at the foot of which there are ant-heaps remain un- 
injured dui*ing wide-spread devastation by caterpillars, like 
oases in the desert, and the fruit-cultivators in the jirovince of 
Mantua place in the spring of every year a colony of ants at the 
foot of their fruit trees to secure them against insect attacks. 

It is therefore necessary to protect ants in every possible ways 
though unfortunately their increase is greatly prejudiced by the 
search for the so-called aiiW eggs for the purpose of feeding 
young pheasants, &o. This also dei>rives iisefnl forest birds of 
a portion of their nutriment. Henschel states that in the 
Austrian Alps the sale of dried ants’ eggs of Formica ritfa, L., 
amounts annually* to 50 — ^70 hectolitres, which means from 90 
to 134*5 million ants, for 1 hectolitre contains about 1,920,000 
pupa). , 

In liussia also the business is carried on vigorously, the right 
of collecting pupaj being leased on certain areas. 

The damage which ants occasion by constructing their gal- 
leries and nests in sickly trees, or by eating sweet fruits, or by 
burrou-ing into planting-mounds is trifling in comparison to the 
good they effect. 

As representatives of the family the follmving may be 
mentioned : — 

Formica rufa, L., the common wood-ant, makes great heaps of 
needles in coniferous forests, chiefly in those of Scotch pine. 

• Centralbl. far dus ges. Forstw. 1S7C, p. 160. 
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Lasins fuliginosus, liatr., in old trees and stumps of oaks, 
poplars, willows, etc. 

2Iijrmica rubra, L,, very common in forests under stones,- 
sods, bark, etc. 

5. A 2 nda (Bees), 

The imagos are thickset and generally hairy, with ocelli, and 
ivith a special suctonal labium. Antenu® approximate at their 
base, elbowed, the basal portion 2-jointed. Fore-wings not 
folded, with one radial and two to three cubital cells. Legs 
hairy, the first joint of the hinder tarsi veiy large, compressed 
and forming a triangular or quadi-augular plate. 

Abdomen stalked, with a poisonous sting in the S and ^ , 
which breaks off after jise. The larv® and pup® resemble those 
of wasps. 

Bees are either solitary, as the mason and carpenter bees, or 
are social, as in the case of humble or honey bees. The former 
have no b , which are the most numerous inhabitants of a hive 
of honey bees. ' 

Social bees breed underground in mole runs, etc., humble-bees, 
in hollow trees, in the pith of sound trees and shrubs, ns nsb, 
walnut, rose and raspberry, or in artificial hives. 

The imagos live on honey taken from plants and on pollen, and 
effect the fertilisation of many flowers bj’ brushing off the pollen 
with their large hind legs, and carrying it to anothci- flower. This 
habit is a good example of the direct utility of insects to plants. 

Species . — Carpenter bees (Xglocopa ciolacea, Fabr.) live in 
old dry wood, especially in the ease of leguminous trees. This 
species is not British, but many others arc common in warm 
countries, and slightly injurious to timbei*. They are large and 
conspicuous blue-black insects. 

The mason bee (Chalieodoma inuraria, Fabr.) constructs its 
cells of grains of sand on walls, rocks, etc. 

Humble-bees (Bombus terrestris, L.) live in the ground in 
societies of fifty to sixty members. 

The honey bee (Apis viellifica, L.) is widely spread over the 
earth. A hive may contain 1 ? , 600 to 800 (J, and 13,000 to 
30,000 b . The ? (quccu) lives for five years, the S only for n 
few weeks, and the b for about six months. 
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OnuKU III. — Dii'TniiA. 

1. Asiluhc. 

Imagos long and gcnorally slender, the face fcnftod with hairs. 
Eyes very prominent, 3 ocelli, the suctorial organs forming a 
pointed piercing tube. Antennro short, 3-iointod, the third 
joint elongate, not annulate, terminated by a short bristle. 

"Wings ■when at rest lying flat on the body. Legs stout, with 
sharp curved claws. Abdomen with 8 segments. 

Larr/s long and cylindi-ical, with very clearly inarhcd segments, 
white. 

The eggs are laid in the ground, by choice in sandy soil. 'J’lie 
generation is annual. The perfect insects are bold marauders, 
they attack other insects of all orders and suck their juices. 

Sjiccies, — Aailus crabrotiiformis, L., common in Germany 
and England. 

2. S}/rphul<v. 

Imagos with oval bodies, veiy large eyes, and 3 ocelli. An- 
tennro 3-jointed, the last joint generally ilottened, sometimes 
very long, with a bristle-likc aijpendagc. Wings much iuter- 
sected with veins. Abdomen variable in form, with o to 6 
evident segments. 

Larva leech-sbaped , of varied colours. 

Pupa coarctatc, peur-shai)ed. 

They fly in July and August in bright sunshine. Their 
flight is of a hovering nature ; they remain poised over a 
blossom, darting away when disturbed, and resume their hover- 
ing at the end of their course, and they emit a buzaiiig noise. 

The small white oval eggs arc laid on leaves and twigs. The 
generation is double, or multiple. The lavvro which” live on 
plants destroy plant-lice by sucking out their juices. 

Common speeics.—Syiplius 2 »jrastri, L., frequently found on 
fruit trees and on Scotch pine. S. balteatus, De Geer. 

3. Miiscidce {Flies). 

Imagos generally short and stout. Eyes, as a rule, densclv 
covered with hairs ; ocelli present. Proboscis fleshy. Antcunro 
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Hhort, tl-jointcdy the termhml joint the largest, not ringed, fur- 
nished with n bristle on its dorsal surface. ‘Wings of moderate 
size, with few longitudinal veins. Logs strong and moderately 
long. Abdomens, with *1 — 7 apparent segments, gencrolly 
scantily hairy, soinctimcs with an ovipositor in the ? . 

Larva without logs or distinct head, soft, and gencrolly 
whitish. 

Papa conretate, round or elliptic, brown or blackish. 

Flies lay their eggs sometimes in decomposing substances, 
sometimes on living animala. 

In forest economy, only the parasitic flies are of importance, 
of which the chief are the Tachhthuc. 

Many species of these flies ai'O parasitic in or on the Inrvas 
and piipre of other insects, ns moths and sawflics. Their im- 
portance is somewhat loss than that of the ichneumon-wasps, but 
they, nevertheless, destroy great numbers of insects. They 
impate generally outside the host, on or under the ground. The 
larvae not only suck the juices of their hosts, but unlike those of 
the icluieumoii-wasps, devour their viscera. 

Sj^'cicn. — J'JcJiinomt/ia fera, L. frequent on Inwas of Liparis 
Dionacha and PanuUii ptniperda. 

The suh-family Anlhoviyiiuc contains a few species which are 
injurious to forest trees, for example, Authomyia riificepit, Moig. 
According to Theodor Hnrtig the larva of this species wdiich 
lives in the ground, especially in burned sods, eats the seeds and 
roots of coniferous seedlings. 


ObDEH IV. ^NEOROrTEUA. 

1. Pnnorjyida: (Scorpion Flic?). 

Imayus of moderate size, head prolonged into a beak bearing 
the mouth at its extremity. Antenuto many-jointed, setiform. 
Both pairs of wings of equal size, with few intersecting veins, 
and only partially covering the abdomen, sometimes imperfectly 
developed. 

Lavra with horny head and 22 legs. 

The eggs are laid in moist soil, and the ItiiTas pui>ate in oval, 
hollowed-out lumps 6f earth. 
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The larva; and images dovoiir insects. 

The cornmon Ptmnrpa counininist, Ij. llios about around low 
bushes and hedge- rows, and destroys the pupic of Lijuiris mifirin, 
L., &c. 

2. SiiilitltP. 

Imarjos of moderate size, with broad head, long iieek and 
fairly broad abdomen ; with 3 ocelli, sometimes 'absenl. iMouth- 
parts free, fully developed. Antennoj short, usually actiforni, 
and many-jointed. "Wings many-colled, colourless, with bristles 
on the veins, sloping like a roof when at rest. 

Larva with 6 short and stout legs. elongate, with the 

limbs free. 

Example. — IlluqihuUa, L, The perfect insccis ily in May and 
June, and lay their eggs in or under the bark of Scotch piui' 
or spruce. The snake-like bx'own lavvie live through the'winter, 
and pupate in the spring, without any cocoon : about 2 to tl 
weeks later the iinagos emerge. Jl. notnta, Schum., is vow 
useful ; its larva; greedily destroy the eggs and larviu of other 
insects which they find on and under the bark : common in 
coniferous Avoods. 

3. Hcmcrohiidte {Lare-irhiffed Flics). 

Imafjos long and delicate. Hoad small, with largo hemi- 
spherical eyes ; no ocelli. "Mouth-parts free. Antenna* loii", 
setiform, many-jointed. 

Wings similar in size, transparent and multicellular,, sloping 
like a roof when at rest. Legs slender. 

Larva elongate, and narrowed towards the ends, with two 
slender curved mandibles perforated for sucking, and 6 legs. 

The flight-period is in the early summer, and again in autumn. 
The stalked w'hite or greenish eggs are laid in groups on leaves. 

The larvJB feed greedily on plant-lice which they suck dry, 
and can generally be found wherever the latter are numerous. 

They grow rapidly, and pupate in firm, almost spherical 
cocoons, suspended by a few threads between leaves, from which 
the images emerge in 2 to 3 weeks. Generation double. 

The commonest species is Chrysopa pcrla, L: 
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ORl>nil V. — OUTIIOPTKItV (P.SlJUDONlUfltOPTniU). 

Jjihi’llitlidtc (])ra(ton-j!iri;). 

Imut/tts long. UBiinlly very slender and brightly coloured. 
Head large, nlniosl entirely covered with tho large inan3'--cellcd 
oj'es ; 3 ocelli. Slonth-parts strongl}' developed. Antcniiio short, 
iinc, hristlo-likc, and generally 7-jointcd. "Wings of equal size, 
raany-eelled, and membranous. Legs short, strong ; the torsi 
3-jointod. Abdomen formed of 11 segments, with a short pair 
of forceps on the last. 

Tho (j-lcgged Uirrte, and mjiiiphn are characterised by an 
extraordinarily largo hihium, which can he extended forwards 
from beneath tho head and serves for seizing jn'o.y. 

Tho perfect insects llj* in an oxtrcmel}' iictivo manner in June 
and Julj', hij'ing their eggs either on tho surface of the water 
or on water-plan t.s. Tho generation is annual, and dragon-flies 
appear sometimes in incredible numbers. 

Tho larva? and pu2Jm live in tho water, and jirefcr small, quiet 
ponds full of reeds. 

In all three stages, esiieeialh’ as imagos, they kill other insects 
— oven moths. 

Species. — Blno and green dmgon-fl^" — /Esclina jtineea, L., 
A. (jramVis, L. common osjiecinlly in mountainous countries, 
lAhclhOa qiiudrimaculaia, L., migrates, and therefore ajipears 
sometimes in largo swarms. - 

Ij. depressa, L., verj' common. 


OHDEn ^HEMiri'EHA. 

The tribe Gcocorcs {land-bugs) alone includes insects useful 
to the forester, and they may be characterised as follows : — 

Head small and flat, generally with 2 ocelli. Antennoe large, 
always longer than the head, 4 to 5-jointed. Body flat. Fore- 
wings homy at the base and membranous at the extremities. 
All the legs gonerallj' similar. Tarsi 2 to 3-jointed. Abdomen 
consisting of 7 to 8, segments. 

Noticeable for their disagreeable odour. 
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The species which live in forests nro useful hy (leslroyiug 
liirvio nud plnut-lico, but a few species are injurious, stickiuK 
young shoots, or the hast of older trees, 'fho iinagoa conn* 
out late in the summer, and pass the winter among dead leaves 
or m\der hark. Pairing takes place in the following spring and 
the eggs are laid on leaves, shoots, and in cracks in the hark. 

1. Pcniaiomuhf. 

Imarjos somewhat long, w’ith 2 ocelli. Antennic long, filiform 
or club-shaped, and generally 5-joinled. Scutcllura largi'., and 
reaching at least to the middle of the abdomen. 'J’arsi gene- 
rally 3-jointed, with two little lappets {pidrilli) between the 
claws.' 

Species. — Pentatoma ruftpes, L., common in pine-forests. 
Pyi-rhocoris aptcrus, L., often collects by hundreds at tho 
base of large lime and other trees. 

2. Pcduriiihc. 

Imayos large, and longer than those of the preceding family, 
with projecting bead and long beak. Ocelli generally present. 
Antennas long, filiform, thin, 4 -jointed. Scutellum small. 
Forelegs somewiiat thickened, and ndaxitcd for seizing prey. 
Tarsi short, 3-jointed, imlvilli ab.sent. 

All the species arc iiredatory and able to inflict a poisonous 
wound with the beak. The most imiiortant ns regards forests 
is : — 

Ploiaria vagabimda, L., which lives in the loaf-galls pro- 
duced by* certain ajihides on elms. 
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CHAPTER YL 

iKJuniovs vonKBT inskcts (6pi:ciat< account of coleopteha).* 

The gi'ciitcst number niul the most harmful siicclcs of injurious 
forest insects belong to the order.s Golcoptcra and Lepidoptera. 
Next in importance to these come the members of the orders 
Jlymenoptem and Orlhoptcra. The orders Diptcra and Jlemip- 
tera, except for the few useful families already mentioned, only 
include species which arc moderately or slightly injurious, and 
the Xeuropicra in Central Europe include no injurions species, 
although in the south of Europe, and in India and other hot 
countries, the family of Termites, or whito nnts, belonging to 
this order, is probably more destructive to vegetable substances, 
though chiefly when no longer living, than any other insect- 
family. 

In the following pages the more destructive families of insects 
will be enumerated and described. The life-history of the most 
important species, and their relations to forest trees, and the 
best Itno^vn ways of meeting their attacks, will olso bo dealt with, 
but many less important species which occur in Dr. Hess’s book 
have been omitted. Hess has also separated the injurious 
forest insects damaging conifers, from those which damage broad- 
leaved trees. Owing to the smaller number of insects here dealt 
with, this distinction has been abandoned. 


Family I. — ScAi5AB.EiD.aE. 

Dcscrijftion of i'amily. 

Imagos generally of considerable size and robust build. 

* For a comploto systematic ilcscripUon of British hectics, tide Fowler, TAc 
■Cola^tera of the JBrUish laics, 5 vols., London, 1880 — 1891. 
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Antennie short, elbowed, 10* or 11-jointed, the first joint elon- 
gate, the last 3 or more joints produced inwards into plate-like 
lamellae which can he separated like the leaves of a book. 

The forelegs are formed for digging, and the tarsi are 5-jointed. 
The abdomen consists of 5 or 6 segments. A generation 
lasts for several years in the case of the larger species, but only 
one year in the smaller ones. 

The larvis are thick, cylindrical grubs, curved ventrally, 
with the last abdominal segment large and baggy ; often covered 
thinly with short hairs, which may be bristly on the dorsal sur- 
face ; head well-developed, horny, with distinct antennse ; legs 6, 
strong. They generally live underground. 

Pupa almost hairless, generally with 2 horny processes on 
the last abdominal segment. 

in the perfect state these insects, some of which are very de- 
structive, attack the leaves, needles and inflorescence of forest 
trees, whilst their laivse eat the roots of young woody plants. 
The larvte of other species live in rotten wood, dung and in dead 
' bodies. 

1. lilelolontha vulgaris, Fabr. {Common Cockchafer), 

(a) Description. 

The beetle is '25 to 29 mm. long ; pi-othorax black, less often 
reddish-brown; elytra and legs red-brown, the former with 6 
elevated longitudinal ridges, the depressions between them 
covei'ed with fine down. Abdomen black, with 5 white triangular 
marks on each side, produced at the apex into an elongate 
topei’ing tail. Antennae 10-jointed; the club 7-jointed in the cJ , 
in the ? smaller and only 6-jointed. Tarsal claws with a broad 
tooth at the base. 


(b) Life-History. 

The beetles appear at tbe end of April and in May for about 

3 or 4 weeks. About 24 hours after fertilization, the female 
burrows into the ground, selecting a hare spot and, where possi- 
ble, a light sandy soil. In it, at a depth of 5 to 10 cm. (2 to 

4 inches), she lays about 70 dirty white subspherical eggs in 

von. iv. N 
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littlo lienps containing from 12 to 30 each. She then return? 
to tliG Burfneo to die. The cui'vcd larvni appear from 4 to C 
■^^ecl^K afterwards, in June or July, feed in the first year on 
hninusiii the neighbourhood of their birtli-place, and crciitiiflUv 
disperse in the second summer in all directions in the ground, 
in order to feed on the roots of ^rlants. In the autumn they 
burrow deeper into the ground, returning near to the surface in 
April. Ihe larvae also go deeirer down M'hen about to pupate ; 
this change takes place in July or September of the 4tb 

Fia. 71. 
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MclolmiVid mJgarir, Fabr. 

a Imago (^ ). h Antenna of male tritli 7 Inmcllic. c Autenna of female nitli 
6 lamclhc. <! Grub, e Pujia ^ventral eutface). 


(rarely the 8rd) year of larval life in an oval hole in the ground, 
the walls of which are internally smooth and water-tight.' In cer- 
tain isolated cases, pupation is deferred until the following spring. 
The'itnagos generally emerge from the pupa from four to eight 
weeks later, hut pass the Avfnterin the ground, a few occasion- 
ally appearing on the surface. From the inontli of Februory 
in the 5th (sometimes the 4th) year, the cockchafers come up 
from below and take flight, leaving holes in the ground as if 
made hy^ a stick. The favourite flight-time is on a fine evening 
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in May, especially after a shower of warm rain. In mountainous 
countries, the cockchafer appears somewhat later than in the 
milder plains. 

The generation differs in duration according to latitude and 
climate, as a rule lasting 4 years in Great Britain and Europe 
north of the river Main. This forms an apj)roximate boundary, 
south of which the generation is triennial. In East Prus,sia, 
swarms of cockchafers have been observed at intervals of 5 years. 
It follows therefore that the time of development of the cockchafer 
is not the same everywhere, but depends, within certain limits, on 
the latitude and longitude of a place, and on its corresponding 
climate. If there is an unusually large swarm in any given year 
the same thing will occur at stated intervals every few years 
according to the locality. These critical years are known as 
swarm-years ; in the intermediate years at least a few cock- 
chafers appear, , either descended from stragglers, which have 
since continued to produce regular generations, or from irregular 
individuals in an existing generation. 

These swarm-years liave been little noticed in Great Britain 
and appear to be less marked than on the Continent, the number 
of chafers apjjearing each year being more uniform. 

The flight of the cockchafer is somewhat heavy, it flaps its 
wings up and down many times before ascending from the 
ground, in order to drive air into its tracheas. It can endure 
unfavourable w'cathcr tolerably well, and is found in North Ger- 
many up to an elevation of 2,400 ft. 

(c) liclations to the Forest. 

The cockchafer is injurious, both in the larval and perfect 
condition. The attacks of the larvao are less visible, but are 
more harmful, especially in coniferous w'oods, as they affect the 
roots and last for two or three summers. They are worst in the 
two last summers. Scotch pine and spruce up to 10 j'cars old 
are most endangered, then the larch, but the silver-fir does not 
escape. Broad-leaved trees do not suffer from the larvce quite 
so much ns conifers, but ncai-ly every species is attacked, those 
with tender roots, such as beech and ash, being preferred to 
species like the oak, which speedilj- develops strong roots. The 

N 2 
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Fig. 72. 


bitten surface is rough and fibrous, and not smooth ns when 
gnawed by a mouse, the work of which can be readily distin- 
guished by the characteristic paired tooth-marks. 

The larva is extremely destructive in forest- and orchard- 
nurseries and in broadcast sowings; whole rows of young 
seedlings or pricked-out plants may bo seen with drooping and 
dying heads, and reddish foliage or needles. If thej’ are pulled 
up, it will bo found that the ends of the roots have been eaten, 
and occasionally the larva itself may be 
found in situ at the base of the injured 
root. The annexed figure shows a 3- 
}’ear-old beech seedling which has been 
attacked. 

The imago attacks the foliage of broad- 
leaved species from May till Julj', probably 
sparing the robinia and pear only. The 
oak is most subject to this attack ; then 
follow maple, chestnut and horse-chest- 
nut, poplars, plum, and cherry-trees. 
The beech, 'hornbeam, willows, apple, 
birch, plane-tree, end many shrubs, &o., 
are also attacked, the order in which the 
difToront species arc selected depending 
on the degree of development they have 
attained -when the flight-time takes place. 

Trees standing in the open, and border 
trees are preferred, as the flight of the 
insect to them is less impeded than it is 
to trees in the midst of a wood. Lofty 
trees are also preferred to low growth. 
Conifers arc less to their taste than brond- 
Icaved species, but the imagos in May 
and .Tune will feed on young shoots and 
needles of larch, and the male catldns 
of Scotch pine and 6i)rucc, occasionally 
on the spring shoots of isolated silvor-lirs. In 1878, in the 
Austrinu const districts, Qnernts jmhcscens siiflcrcd greatly, and 
even the walnut was attacked, a rare event. The onk trees wei'o 
completely stripped of leaves, and became green again by means 



Three -ycar-eU tcech 
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of Lammas shoots. The insects prefer sanely soil in sunny 
places, hare, or with a scanty covering of grass, and large 
forest cultivations after a clear cutting. Extensive cultivations 
of Scotch i)ino bordering on agricultuml land suffer most of 
all. 

(d) Protective Rules, 

i. Clear cuttings, esiieoially on a large scale, should be avoided 
in a swarm-year, and in the previous one. Strip-fellings 
with a few Scotch pine standards, or a shelter- wood system, are 
preferable. The ground being thus sheltered and kept cool is 
less suitable both for oviposition and for the larval life. 

ii. In case souing is advisable, broadcast sowing should bo 
adopted in Scotch pine woods, together with autumn sowings of 
corn, or of birch seed. 

When only partial sowing is carried out, the seedlings come up 
closer together than in the case of broadcast sowing, and there 
is more danger of the whole cro]) being destroyed ; the cock- 
chafers avoid cereal crops and prefer not to lay their eggs in 
places covered with grooving corn. 

iii. Planting, and especially ball-planting \nth strong plants is 
to be preferred to sowing. 

In the Eberswald, planting in pits the surface of which after 
planting is nearly a hand’s breadth below the ground-level, 
was tried with success; the larva? which feed very near the 
ground-level in summer crawl from the surrounding earth on 
to the top of the pits, instead of getting to the roots of the 
plants. 

iv. Pasturing herds of swine in all forest-glades. In the 
swarm-years this should bo done in spring; and whilst the 
larvae are in the ground, during the whole summer. 

V. Protection of all enemies of the cockchafers. The badger, 
mole, shrew, hedgehog, rooks and crows, starlings, &c. attack 
the larva? ; bats, owls, goatsuckers, shrikes and even finches 
destroy the cockchafers. 

A starling will often cany off 5 or 6 larva? at once ; these 
useful birds only eat the soft abdomens of the chafers. Boxes 
for starlings to nest in should be always set up around forest 
nurseries. ■ ■ 
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vi. '\^^leQ laying-out imreerieB, tbe noiglibourhootl of oak woods 
should he avoided, and the area should he isolated hy ditches. 
Beds arc somotimes made Avith walls ntid bottoms of stones, and 
filled in witii sifted soil. 

vii. Oviposition may he prevented hy covering the beds with 
dead leaves or twigs, or by sprinkling them with Hour of 
sulphur. 


(e) Jtcwedml Mmsurcs. 

i. The areas to be stocked, in swiirm-yenrs, should bo com- 
pletely broken up with the iilough, in order to destroy the Inrvic. 
This can only be done on fairly level ground. 

ii. Collection of the lan’ie which are turned up in cultivating 
the ground, in sacks, from October till April. This is best under- 
taken daring the summer before a swarm-yenr, as the larvfo arc 
then nearest to the surface of the ground. 

iii. Collection of the Inrvoj bj* digging round plants which are 
attacked in tho cultivations, which can be done throughout the 
summer. 

iv. Tho construction of traps for larvie ns follows : — 

a. Sods of grass or heather in square pieces measuring 8 to 
10 in. in breadth are placed nuth the grass downwards on the 
cultivations. In tho forest of Allstadt, AVoiinar, in the autumn 
of 1870, on 71 acres of ground covered u-itli grass and heather, 
square grass sods 8 to 10 inches broad and C to 8 inches thick, 
were laid on the surface of the ground with the grass down- 
wards, and from 3 to 11 Inrvro were found under each sod in 
July, 1871. Thus in a short time 10,000 larvni were collected. 

b. Bolls I of bark filled with loose soil, and placed in tho 
ground. 

c. Heaps of turf, -weeds, humus, hunicd sods, and dung, 
&c. 

Such heaps afford looseness, dryness, warmth, and nourish- 
ment for the larval development, and Heyer gi-eatly recommends 
■their use in nurseries. Tho females also readily lay eggs in 
heaps of dung alternating with layers 'of earth, and enonnous 
numbers of larvie may he reared in them and subsequently 
destroyed. 
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d. Traps of sticks or bark. 

In a swarm-year and the year after it, at tbe beginning of 
tbe wann weather, fresh pieces of bark or thin-barked, sappy 
branches 20 to 40 inches long are placed horizontally, half covered 
•with soil, in ground infested •with larvse. 

This may be done between the rows of plants in nurseries, and 
aspen, sallow, ash, oak and coniferous wood can be used. These 
traps attract the larvaj. This plan was tried on a large scale in 
150 forest ranges in Prussia in 1883 and 1884, but gave onl 3 ' poor 
results. In all the cases (u to d), the larvte must from time 
to time be collected and destroyed, and the traps occasionally 
renewed. 

V. Collection of the cockchafers is probably tbe best remedial 
method to be followed. 

The chief points to be noted are : — The woi’k should be com- 
menced early in the season before too many cockchafers have 
emerged ; then only is it practicable to catch the $ before they 
have laid their eggs. In order to ensui'e economj’, children and 
, ■women should be employed, and the collection made only in the 
morning or on cool days, when the insects are sluggish in 
their movements. The workers are provided with naiTOw- 
nccked glazed vessels, or sacks in the opening of ■vvhich the 
broken necjv of a beer bottle has been fastened, to seiwe as a 
funnel through which the beetles may be dropped ; the trees 
should be shaken over cloths, and payment should be by 
quantity. 

The lan'a3 and beetles ma 3 ' be killed by : — 

Crushing on hard ground. 

Scalding with hot water, which gives rise to an extremely 
unpleasant odour. 

Immersion in casks containing a mixture of water and 
petroleum, or 2 per cent, of naphthalin. Both larvse and 
beetles live for some time in water alone. 

Burial in layers in a trench with unslaked lime, or jjowdered 
calcium chloride. 

Subjecting the insects to fumes of bisulphide of carbon. This 
is the best method of destroying them, and was first discovered 
by Dr. A Mayer. 

When done on a large scale, a clean empty petroleum cylinder 



184 


PKOTECTION AGAINST INSECTS- 


or similar vessel may be used, in wliicli the carbon bisnlpbido is 
poured on the insects. 

In order that the gas may have its full effect, the tin should " 
be covered with a sack, or woollen cloth, to keep out the air. 
Lights and fire must be kept at. a distance during the operation. 
A bushel of cockchafers may be killed by less than an ounce of 
carbon bisulphide, and the insects die in 5 to 10 minutes. 

Where cockchafers are extremely abundant and injurious, as 
in Germany and France, the work of collecting them is so 
serious an expense that it is lightened as much as possible by 
the utilisation of the captured beetles. 

This is done in three ways : They arc used as food for swine, 
fowls or geese, being mixed with three or four times their weight 
of potatoes or starchy material ; for the extraction of a coarse 
oil suitable for cart grease; or for manure, being mixed wdth 
earth, bona dust or stable-manure. 

Their value as a food-stuff is about Is. per 10 lbs. ; ns a 
manure, about 9d, per 10 lbs. 

vi. A plague of cockchafers, like a plague of mice, being felt by 
agriculturists and fruit-producers, as well os foresters, must 
be met by energetic common action of all municipalities and 
village authorities, and in case the interested parties cannot 
agree as to any common course of action, the State should 
intervene to compel unanimity. 

vii. Nothing can be done to save conifers injured by the larvte if, 
beside the tap-root, all side-roots have been bitten off. Should, 
however, some side-i’oots remain, larch at least may recover if 
severely pruned almost to the ground and earthed-up round the 
roots. The pruning limits the transpiration, and the earth 
round the roots prevents the drying-up of the existing roots 
and furthers the formation of new ones. These measures 
must he undertaken as soon as the injured plants begin to 
droop. 


, 2. Mclolontha hippocnstani, Fahr, 

The hectic greatly resembles the common cockchafer, but . is 
smaller, being only 20 to 25 mm. long. Prothornx generallj' red, 
.rarely black. Antennic and legs dark brown or black. Tail 
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shorter, more abruijlly tapering, and somewhat clubbed at its 
extremitj'. 

Ziife-TIistory and Jiconoiny. — Similar to those of tbo common 
cockchafer with which it swarms, but in smaller numbers. It 
docs not merely attack the horsc-chcstnnt as its name implies, 
but nearly all forest trees. Season for swarming somewhat 
earlier (April). A more northern insect than the common 
cockchafer ; iii Great Britain- confined to Scotland and the 
extreme north of Bngland. 

Protecih-e Measuren. — Same as for the common cockchafer. 



3. Ithizotrogus sohtitialis, L. (June~cha/cr). 
t (a) Deacription. 

Beetle 15 to 17 mm. long, similar to the two former, but with 
the abdomen not produced into a tail. Brownish-yellow, with 
4 raised Carinas on each elytron ; the prothorax, scutcllum and 
underside covered with long hair. Antennas tl-jointcd, the club 
3-jointed. Claws with a small tooth at their base. 

I 

(b) Life-History, dec. 

Similar to the common cockchafer. Flight-time somewhat 
later, in June and July. The beetle attacks young Scotch 
pine shoots, but prefers the beech, hornbeam, poplars, willows, 
i&c. The larvae devour the roots of small plants, chiefly of 
grasses and grain crops. Tlie insect is found in sandy soil, 
but is less frequent in forests than the two preceding species. 
It is locally common in many parts of Great Britain. 
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ProlPctive niles nnd remediiil munsures us for tho roinnion 
cockclmfiT. 


Famiia II. — Bi'i'iii'.fsTiiM;. 

Deamptuin «/' Family. 

Imayos long nml hlontlt-r, gciiornllj’ with Imrd clylrn vhich 
taper ])osteriorly, ns n rule brightly eoloured, with ii inc-tnllic 
lustre. Aiitcniiiv short, generally f-ermto nnd 11 -jointed. Pos- 
terior niigles of the thorax roniided. I'ront and middle jinirs 
of coxa* globose, the hind pair Ihitfcned. Legs sliort nnd weak; 
tarsi .'i-jointed. Abdomen of o segments, of which tin- two 
iinterior arc fused. 'J'he active flight of these insects generally 
takes place in .Tunc nnd July in hot sunshine. A generation 
usually lasts two years. 

Lame cylindrical or flat, white, and without legs ; the first 
prollioracic segment is broad. They live 
partly between tho bast and snpwood of 
young trees, partly in the slumps, or in (dd 
decaying trees. They pupate in situ in a 
cocoon made of fragments of wood. Flight- 
holes of tho imagos transverse oval, nearly 
linlf-c]]i];tic. 

Tho most injurious sj)ccics nro found on 
broad-leaved trees, but in Germany a few 
species attack coniferous woods. In Great 
Britain nil the species of Jiiiprfstith/' are scarce, local nnd 
therefore unimportant. The followitig species, though very rare 
in this country, will serve to illustrate their life-history and 
economy : — 

1. Ayrilus TirUUs, L. 

(a) Description, 

Beetle 6 to 8 mm. long, very variable in colour, being some- 
times olivc-greoii, bluish-green, blue, earth -coloured, &c. ; 
under surface black. Thorax broader than long; the last abdomi- 
nal segment rounded nt tho extremity ; apices of the elytra 
diverging slightly from one another, nnd finely dentate. 


Tki. 7.'. 



ylijrili's rimtis, L. 



AGKILPS viiauis. 


1S7 


(b) Ujc-Jlistorij. 


Fllffht in ‘.Tune and Jvily, in brilliant snnsbinc. 

Hfigs laid cither singly or by twos and Ihrccs on the bark of 
smooth saplings, especially at the base of stems cx]ioscd to the 
sun. 

The liirrtc appear in August, and live over two winters before 
jynpatioii, which takes place in 
April or ^lay of the third summer 
in apuiinl ohambermado in the sap- 
wood or bast. 

The images emerge in .Tune or 
July, leaving a hole oval below and 
straight above, tbiis;^. 

Generation lasting two years ; 
the insects seldom appear in large 
numbers. 

(c) JleUitioits to the Forest. 

The beetle prefers young bcccli 
plants, but also attacks alder, bircb, 
oak and aspen, esjwcially weakly 
saplings, generally standing in the 
open, or along the edge of the 
forest. It is, however, only the 
lai-vaj which are really destructive. 

They burrow through the bark down 
to the sapwood, and excavate in it 
a shallow, well-defined winding 
passage, sometimes extending 
deeper into the wood ; it iucrensos 
in breadth with the age of the Iar\'aj. 

If the plant bo girdled, the upper part of the stem dies, at 
least in dry localities. The bark projects somewhat all along 
the sides of the passage. In the case of saplings which recover, 
the bark splits, owing to the pressure of the callus forming 
over the wound. 



Injury caiuicil to 
l>y A. viiiilis, L. {Xtifural sire.) 


cxiio'>«l liy 


n Iinrvnl gallery, 
l-cinovni of the hark. 

ti Old larval eallorics exposed 
by riiptm-c of the haik. 

c _TmtiM-ei.se ov.il ilight-holcs of 
the imago. 
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of bornbcnm. Soino species nlso altnck the young shoots of 
trees, in order to extract the snp. Lacon vtimuus, L. bus been 
known to injure the onk in a similar way to Tdephorm obuciinm, 
L., and certain species of CorinnhiicH do similar damage, so that 
the shoots become black, dry and break oil'. 

Protective rulee . — Tho conspicuous brown Inrvre should be 
collected and destroyed when the nursery beds are dug up, 
and turf in which they are noticed may be burned. It is 
impracticable to collect the beetles.' 


Family H'. — ^IjYmt:xyloniiu; . 

Description of Pamily. 

Imagos c}'lindrlcal, long and slender. Elytra not curved 
downwards and slightly gaping at tho apex. Antcnnne thread- 
like, somewhat thickened in tho middle, or serrate, 11-jointed, 
Fore and middle coxrc cj'lindrical or spheroidal. Tarsi 5- 
jointed. Abdomen of 5 — G segments. 

Generation annual. 

Larva long, cylindrical, soft-skinned, white, free from hair, 
and G-legged. They arc gonorally found in logs of timber in 
depots and dockyards, or in stems of trees. The beetles fly 
round the trees and timber in June and July, and lay their 
eggs in cracks in the bark. Chiefly dangerous to broad-leaved 
trees. 

Lymexylon navalc, L. 

(a) Description . — 8 to 10 mm. long, black ; elytra, abdo- 
men, and legs yellowish-brown. ? 12—15 mm. long, ochreous. 
The head, sido-margius and opex of the elytra are blackish ; 
tlie latter do not quite cover the abdomen. 

Larva white, with a fleshy hump on the last segment. 

(b) Life-history . — The beetle flies on warm dn 3 's from tho 
beginning to the middle of July. The eggs arc laid on large 
broken tree-stumps, or on large barked oak logs, but never on 
sound standing trees. The larvro eat galleries into the wood of 

n* uccQuiit or protective treatmeiit ngaiiist wiic-wornis ride Jlli&s 

Ormerod, op, at., ed. ji., jij,. m to 118. 
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about 1 mm. in diameter and deflected at right angles every few 
inches. The vertical burrows are somewhat crooked, but the 
horizontal ones are quite straight. This insect is chieflj'^ injurious 
in timber depots and dockyards. 

In 1746, Linnojus found the damage done to oak-timber in the 
Grothenburg harbour so great that ho exclaimed how wonderful 
it was that so small a worm could do yearly so many thousands 
of dollars’ worth of injury. His advice to the King of Sweden, 
at whose command he investigated the injury, was to sink the 
affected timber under water before the flight-time of the insects. 

Lyniexylon is scarce and local in Groat Britain, but is liable 
to bo imported in continental oak-timber. 

(c) Protective rules. — Smearing felled timber with tar, when 
attacks are feared. 

A similar species, Jlylecoetus dermestoidcs, L., lives chiefly in 
the stumps of felled trees ; it is locally common in Great Britain, 
chiefly in Sherwood Forest, but has never proved so destructive 
as Lymexylon to timber of commercial value. 

FAillLY V. ANOniIDJB. 

Description of Family. 

Imagos small, cylindrical, similar to bark-beotlcs, with a 
cowled prothorax which conceals the ujjper part of the head. 
AntennfB slender, pectinate or clubbed, more rarely serrate, 8 to 
11-jointed, folded under the prothorax when the insect is at 
rest. Fore and middle coxte cylindrical or spheroidal ; tarsi 
mostly 5-jointed, but 4-jointed in the case of many species. 
Abdomen with 5 ventral segments. Generation often lasting 
several years. The beetles ivhen disturbed lie motionless as if 
dead. 

Lana strongly curved, somewhat square in transverse section, 
whitish, hairy and G-legged. The beetles appear in the spring 
or early summer. 

The beetles and laiwre live chiefly in rotten w'ood, parti}- in 
standing trees, where they eat out galleries which cross one 
another ; also in shoots, in the pith and in spruce cones, as for 
instance, Ernohius ahictis, Fabr. They also live in fungi, in the 
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woodwork of houses, and in funiituro, for instance, Anohiiim 
domcsticum, Foiiro., a small brown beetle 2 lines long, known 
on account of the ticking noise it makes ns the ** denth-w'atch." 

Xesiohium tesselaUm, Fnbr. 

Imago 6 to 6 mm. long, convex, subc3'lindricnl, dark-brown, 
very finely and closely’ punctured, and dappled with patches of 
short gre^'ish-ycllow hairs. 

The imago and larva bore into and riddle the wood of old 
standing trees (oak, beech, sj'camoro, &c.) and also the timber- 
Tvork of churches and old houses. Locally common in England. 

The attack of Auohiula on trees generally begins at an old 
wound, particularly on the stump of a branch. 

Treatment . — The removal of attacked stems. Careful and 
timely dressing of exposed wounds and branch-stumps with tar. 


Family VI. — CuncuLiouin/'n OVecvuis). 

Description of Family. 

Imagos small or of medium size, with the head produced into 
n straight or bent rostrum or snout, at the end of w’hich are the 
small mouth-parts. Antcnnm ncarlj' always elbowed, 8 to 12- 
jointed, with a club of very variable structure ; their basal ^oint is 
capable of being folded into a groove or scrobc in the snout. 
Elytra broader than the thorax. Fore coxro spheroidal or coni- 
cal, hinder coxie small and transverse. Legs stout, the thighs 
sometimes adapted for leaping. Tarsi 4-jointed, the last joint 
but one being ^nernlly heart-shaped, or bilobed. Abdomen of 
5 segments, of which the two first are generally larger and 
united. Many species have no wings. Generation usually annual, 
but it may last for two years, or two broods may occur in one 
year. 

Larv<e thick-set, cj'lindrical, curved ventrally, the head horny, 
the body soft-skinned, w'rinkled and thinly hairy, whitish and 
without feet. " ■ 

Pttpte recognizable ’by the conspicuous snout and antennm, 
generally with two postei^or pointed .processes. The larvte and 
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beetles eat the roots, bark, bast, wood, leaves, blossoms, fruits 
or seeds of forest trees. 

There are no galleries made by the parent beetles for ovi- 
positiou, but the eggs are placed in situ by means of the snout. 
Some species arc very destructive. 

1. Ajtodcrus coryli, L. 

(a) Description, 

The beetle is 6 to 8 mm. long, bright red, with the head, 
antenno}, a median spot on the prothorax, and the underside 
black. The elj'tra are rather short and much wider than the 
narrow prothomx, with rows of strong punctures. 

(b) Life-History, tCc. 

The $ in May cuts the leaves of vai'ions broad-lenved trees 
by a transverse incision made towards the base and reaching the 
mid-rib. She then rolls the terminal j>nrt into a thick cylindrical 
roll, in which a single yellow egg is laid. 

The larva feeds on the interior of the roll, 
which subsequently becomes detached, and 
when mature it pupates in the ground. 

The beetle is locally common, though never 
abundant, chiefly on hazel, also on alder, oak, 
beech and hornbeam; it frequents young 
shrubs and undergrowth, and in the ijerfect 
state feeds by gnawing holes in the leaves. 

When injurious it may be collected by 
shaking, and the rolls may bo picked off. 

Attclahiis ciirculioiioidcs, L., a very similar insect with almost 
smooth elytra, is locally common on oak and sweet-chestnut, 
chiefly on undergrowth. 

2. Rhynchites bctulre, L. 

(a) Description. 

This beetle is 4 to 5 mm. long, black and slightly hairy ; 
rostrum hardly longer than the head; elytra broad with deep 
VOL. rv. n 


Fut. 79. 



Oak-lc.if, rolled iii> 
l)y jl. eurculionotdea, 
L. (^i^atural size.) 
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coarsely punctured strife; posterior femora strongly dilated in 
the cJ- 


(b) Life-History, ttc. 

The ? in May cuts the leaves of birch and other trees on both 
sides down to the mid-rib in a curved line, beginning near the 
base of the leaf; she lays an egg on the edge 
of the leaf in a little pocket made in the leaf 
by removal of a bit of its epidermis, and then 
rolls up the two sides over one another, so that 
the egg lies in the middle of the roll, which 
is open at both ends. 

The larva feeds on the roll, and in the autumn 
falls to the ground with it, and pupates in 
the soil. 

The beetle prefers the birch, on which species 
thousands of these rolls may be found ; but 
it also attacks beech, poplars, alder, hazel, etc. 
It is common, and widely distributed in Britain. 

up by H, letuta, L. 

{Natural tue.) Protective Buies. 

The rolls may be collected and destroyed. 

B. heUileti is very destructive to vines, and also attacks many 
broad-leaved trees, as birch and hazel ; and B. populi, L. 
attacks poplars and aspens. Both are local in Great Britain. 


Fro. 80. 



Bixvib-lenf, tolled 


3. Strophosomus coryli, Fabr. 

(a) Description. 

The hcetle is 4 to 6 mm. in length, short and thick, with the 
elytra convex and subspherical ; covered with close-lying mottled 
brownish-grey scales, except over the base of the suture, which 
is black and bare ; prothorax with a fine median fuiTOW ; 
antennte and legs ferruginous. , 

(b) Life-History, dsc. 

Pairing takes place in June, and oviposition follows on small 
roots near the surface of the soil. The larvie lie under the 
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surface-covering, especially in dry places, pupating in July and 
tlio beginning of August. The perfect insects arc disclosed in 
August and September. They are wingless, and ascend trees 
by climbing, beginning in early spring to feed on the needles 
and bark of young pines and spruce (by preference about two 
years old). This insccl, which is abundant both in conifer- 
woods and in those of broad-leaved trees, is occasionally very 
injurious. 

(e) Protective Rules, 

Thorough grubbing-up of stumps and root-stocks ; employ- 
ment in cultivations of well-grown and not too young plants ; trap- 
ditches ; the collection of the beetles in August and September 
under pieces of bark on the ground, which are kept down with 
stones and visited daily. Collection of the perfect insects from 
the plants by shaking, which should bo done in the spring ; the 
beetles drop readily. 

S. ohesus, Marsh., and S. limbatus, Schouh., are allied species 
of similar appearance and habits. 

Various other species, ns Sitones ZiHcatiis, L., and the Phyllohii, 
weevils covered with bright or dull green scales, also eat buds 
and shoots, chiefly of broad-leaved trees. The usual treatment 
is the collection, by shaldug, of the insects at the time of the 
injury. 


4. Balaninits nucum, L. {Nut JVeevil). 

(n) Description. 

Beetle 6 to 8 mm. long, oval; black and covered with 
yellowish-grey hairy scales. Rostrum very long, thin and 
curved, reddish-brown. Legs dark rust-brown, with gi-eyish- 
yellow hairs. 

(b) Life-History, tC-c. 

The beetle pierces hazel and other nuts with its proboscis, 
whilst the shell is still green, from May to July, making 
in each nut a single hole as if pierced by a needle, in which 
an egg is laid. The larva (maggot) eats about half the kernel 
of the nut, and falling to the ground with the ripe fruit in 

o 2 
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autumn, gnaws its way out of ibo shell, and puiintcs in the 
earth till next spring. The perfect insect emerges in the 
summer. Worm-ciiton nuts may bo distin- 
guished by either of the holes in them. 

The species is common and may diminish 
the seed yield. An allied species, B. (flamlium, 
IMnrsh., chiefly attacks acorns. 

(c) Protect ire Pules. 



Ilitrcl-niit, bored by 
B. nucutn, L. 
{Natwrnl rkr.) 
n Hole made b}' the 
parent beetle. 

/< Exitdiolcof larva. 


Collection and destruction of the nuts which 
fall earliest (those infested with Inrvic). Col- 
lection of the beetles by shaking. Titmice 
attack the green nuts to reach the Inrvio. 


5. Orchestes fatji , G}*!!. 

(n) Dcscrq)thn. 

The Beech Leaf-miner beetle is 2’5 to 8 mm. long; black, 
with fine grey hairs. Elytra with striro of conspicuous, coarse 
punctures; rostrum dejiressed under the bod}-; antcnnai and 
legs bright brown. Hind-legs adapted for leaping, their 
femora thickened and furnished with a small tooth before the 
apex. 

(b) Life-TIistory, cOc. 

The ? lays her eggs one by* one on the under surface of unde- 
veloped beech leaves, etc., biting holes for the puipose under the 
epidermis, near the mid-rib. The larva hatches in the month of 
May and bores in the leaf-parenchyma either towards the ter- 
minal point of the leaf, or sideways, forming a winding tunnel 
which continually increases in size till it becomes a large patch. 
The parts which have been eaten, at first whitish, become 
finally brown. Pupation takes place near the border of the leaf, 
between the upper and lower epidermis of the area which has 
been eaten by the larva. . 

In June the beetle emerges, and passes the winter under the 
dead leaves on the ground. 
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Whon tlio larvro of this insect aro abundant, the folingo of tho 
beech trees appears reddish-brown, just as if it had been frozen 
by a late frost. 

The beetle shortly after emergence has been know'ii to feed on 
various substances ; for instance, fruit (cherries, raspberiics, 
gooseberries), cauliflowers*) it also pierces the capsules of beech 
nuts, causing them to open before the seed is ripe. In the early 
summer it riddles tho beech leaves with small holes, and gnaws 
the female flower-buds. 


Pi«. 82 . 



Bccch-leaf attacked bj- O. fagi, Gyll. [yttltiral eizc). 

a Cominenceinont of larv.al mine by a gallery, wbicli ■widens .-vt It into nn irregular 
apace, c Pupa in a bladdor-liko cocoon, d Holes of various aizes gnawed by the 
beetles. 

The insect attacks woods of all ages, but prefers old to young 
growth, and especially trees bordering the wood, or isolated trees, 
as shelter trees in a regeneration felling. It appeared in the 
Palatinate in 1869 in such numbers that in many beech woods 
scarcely a leaf was left uninjured. It is common in Great 
Britain. No protective measures other than tho encouragement 
of insectivorous birds are practicable. 

6. Orehestes qverevs, L. 

Beetle reddish-3'ellow, covered -with gray hair, and with black 
ej’es and breast, hinder thighs with serrate teeth. It attacks 
the oak just as the preceding beetle attacks the beech. It is 
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commoncsl on Hiipprcsscd oak nndcrgrowtli, under Scotch pines, 
etc. 

7- Cri/ptorrhifHchitH lapatJii, L. 

(n) JicKcrijiliou. 

licctle 7 to 8 mui. long, and very charnolcribtirnUy coloured ,* 
thorax and the hiisiil two-thii*dR of the elytra dark brown or 
black, with patches of erect black scales; ilanks of the thorax, 
the anterior part of tlio under surface, the apex of the elytra and 
the femora thickly covered with white seoles. The rostrum can 
bo folded into a furrow under the thorax. 

(b) Lifc-JJistorji. 

The beetle tlics at the end of April and in ^lay. Tlio eggs 
arc laid in Slay, in sinall holes gnawed 
in the bark of the stem, or of the 
branches of alders, etc. 

The lavvic appear 14 days later, in 
May or .Tone, and inipato ns a role in 
autumn in their galleries. The beetle 
emerges in autumn, and passes the 
Avintcr in these galleries or under 
moss ; but occasionally its emergence 
is deferred till the spring. Generation 
Cri/piorrhynclnit lapaili, L. annual, Bomclimcs lasting 2 years. 

(c) ItcMions to the Forest. 

The black and white alder are preferred by it, then willows : 
but poplars and birch arc also attacked. If attacking alder it 
selects young stems (2 to 4 3 'cars old), but older trees in the 
case of willows. It is therefore more dangerous to the alder, 
and especially’ the black alder. Willow-cuttings are also attacked 
without respect to species, and careless cop 2 )icing giving rise 
to gnarled stools increases the danger of infestation. 

The insect is injurious both ns a larva and imago. 

The beetle eats the bark of J'ouug annual shoots down to the 
sap-wood. The larva then gnaws under the bark, and bores 


Ftn. S3. 
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obliquely upwards or downwards into the w’ood and often to tlio" 
pith, thus ruining tlio young stems, which dio or break off (Figs. 
84. and 85) j in the latter figure the galleries of the larvro have 
been exposed. 

The attack is indicated by discoloration and swolling-up of 
the bark, and Inter on by its depression over the iioints of 
injury, and by the brown wood-dust which is ejected from the 
burrows, or has fallen to the ground. 

Tho beetle attacks and kills isolated stems along the 
banks of streams where tho localities are not too dry, and 


since loou it nns been common 
near Tharand in Saxony. In 
Britain it is somewhat local, 
though not uncommon where 
it occurs. 

(d) Protective Itnles. 

Infested plants and coppice- 
shoots should bo cut down by 
the end of July and burned. 

Tho beetles shouldbe knocked 
off the trees on to cloths. This 
should be done carefully, ns 
the slightest shaking of the 
trees induces the beetles to fall 
and lie as if dead on the ground, 
where they may escape observa- 
tion. 

8. Jlylohins {Cnrculio') nhictis, 
Fabr. {Pine-Wccril).' 

(a) Description. 

\ 

Beetle S to 1 3 mm. long, of 
strong build, pitchy-brown, wil 
yellow) irregular striiies across 


Fin. 81. Fin. 8.';, 



larvni burrows of O. lapatlii, L., in 
AUlor steins. (Natural size.) 


li 2 or 3 golden (rarely pale 
the elytra, and a few spots of 


most vnlnoblo account of this very dcstriictivo forest insect is liv 
^orlorstcr von Oppon, Untarsnuliungen ulicr die Gcnoratioiisvcrlialtnissc des 
Hyl. ahicUs. Zeitsclir. fr. Fwt. u. 188fi. pp. 81 and 141. 
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the eamo colour near tlicir apex. Head with a strong, somc- 
wliat curved rostrum, thorax gradually narrowed from the middle 
to the apex, with conrso coiiilucut punctuation and a slightly 
elevated median ridge, clothed with patches of thick hair ; elytra 
thrice as broad ns the bnso of the thorax, and somewhat elevated 
at the shoulders. Legs brown, the femora toothed below (by 
which it may bo distinguished from PissodcH L., which 
otherwise greatly resembles it), and generally darker than the 
tibiae. 

(b) Life-History. 

The chief swarming period of this beetle, which lives from 
1 to 2 j-enrs, is in the siting or early summer (Jlay or Juno) ; 
but pairing and reproduction go on throughout the whole of 
the warmer season up to September, so that no real period for 
swarming exists. Oopulntiou generally takes place on the groiind. 

The eggs arc laid from May to September on stumps and roots 
of the Scotch pine and qjiuce, preferably on those of trees felled 


(( Fio. sc. 



Jlylohius ahietis, Fabr. 

<t Jmngo. b Larva. c Pai>a. 


about 18 mouths before. The under-surface of those roots 
which project out of the ground are especiallj* preferred. • 

The larvoB appear after 2 to 8 weeks, and eat galleries in the 
bark of the stumps and roots down to the sapwood ; the burrows 
curve at first upwards and then downwards, continually increas- 
ing in breadth, and are filled with wood-dust. 

The grubs, at least those which have been hatched in the 
autumn, pass the winter at the end of these galleries. They 
do no injury of any economic importance, their sources of food 
being confined to valueless wood. 
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In tlie following spring, after linving l)ocn ilormnnt for nl)ont 
9 months, the larvro pupate in the stump or roots in a cocoon 
constructed of wood-fibres and horing-dust. The pupa-slate lasts 
about 2 to 3 weeks. The perfect insects emerge from ^lay till 
September of the second year. The period of disclosure tluis 
extends over four months, corresponding to the season of pairing. 
Those beetles which emerge during the autumn do but little 
injury, as they do not appear in such numbers as in the spring ; 
except for a few belated individuals, the}’ proceed at once to 
copulate. Nearly the whole summer through both larvaj and 
images may be found. The latter pass the winter under moss, 
dead leaves, in the ground, in hollow stumps, under stacks of 
wood, etc. Von Oppen found that they prefer to winter in dense 
thickets of 10 to 15-year-old plants rather than in older woods. 

The generation lasts generally only one year, but xnay extend 
to 15 months; only under very favourable climatic circumstances 
can it be loss than a year. 

The beetle frequently appears in extraordinary niunbors on 
felling-areas, where it is bred, and in plantations which it 
destroys. It is very common in most pine-woods throughout 
Great Britain. 

It rarely if ever flies, moves slowly along the ground, and in 
times of gi-eat heat or cold conceals itself in grass, refuse of 
felled trees, earth, etc. 

(c) liclations to the Forest. 

This species is important in the perfect state alone, by the 
injuries it inflicts on young coniferous plants ; weakly Scotch 
pine and spruce of 8 to 6 years old are prefen-ed, but younger 
plants, even yearlings, are attacked, and exccptionallv other 
conifers (black and IVeymouth junes, Dougins and silver-fir, 
larch). Even broad-leaved trees are attacked, chiefly oaks 
and other species planted in old coniferous woods, or employed 
as a shelter-wood for Scotch pine. The insect is therefore clearly 
polyphagous. 

The damage is done from May to September, the bark of 
the young plants being gnawed all along the stem, down to the 
rootstock. The bast or sapwood is exposed in patches, which 
may be ns large as a beau, and resin exudes from the torn 
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walls of the points of attack. More of the outer hark is always 
rcmoTcd than of the hast, so that the injuries appear ns irregu- 
lar and shelving erosions of the surface. 

Frequently in this way' the young trees are girdled, and very' 
small plants are completely peeled, up to their crown. Bi the 
case of the Scotch pine the attacks of tho beetle cause the 
development of numerous shoots from dormant buds; tho siwncc 
is sooner killed than tho pine. 


I'lCr. S7. 


Fig. 88. Fio. 80. 



Young spnice plants gnaued by H. alieth, Fnbr. [JVnitrral »fcc.) In Fig. 80, 
a indicates the gnaued parts, 6 those still coicrcd uith baric. 


On plants over six years old, only' those parts from 1 to 5 years 
old are attacked, as the six-y'ears-old bark is too hard for the 
insect. 

The damage done is much greater iu the spring than late in 
the summer or in the autumn. 

Freshly planted, extensive, sunny clearings near old woods are 
preferred by the beetle ; especially those in which the stumps 
have been left in the ground, or not thoroughly extracted. The 
beetle does not appear at altitudes over 3000 to 3300 feet. 
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(d) Protective Bides. 

The hest means of prevention consist in supplying this de- 
structive insect with as little opportunity ns possible for breeding, 
in order to prevent its swarming in certain locnlitics in the 
spring. The following are recommended . 

i. Establishment of small felling - areas, ns if these nro 
extensive the reproduction of the beetle is greatly facililntcd. 

Care must, however, be taken not to go too far in subdividing 
the felling-areas, as each area is a breeding place for weevils. 

ii. Interruption in the order of successive fellings, so that 
when a felling has been made no adjoining area shall be felled 
till after the lapse of 3 to 5 years. In this way fresh hreeding 
material is not afforded close to that of the previous year. 

iii. Timely and comiilete extraction of slumps and roots from 
felling-areas in coniferous forests, in order to reduce as much ns 
possible the number of breeding places for the ? . This is the 
most effective measure of all. The extraction of the stumps 
must begin with the felling and bo finished by the commencement 
of the next nunter. It is bettor to grub up the trees with tho 
roots attached than to fell the trees first and then extract tho 
stumps and roots, and tho former method has been followed for 
many years in Hesse and Nassau with very good results as 
resards the diminution of the numbers of weevils. 

iv. The felling-areas should be rapidly cleared of all refuse, 
and all sickly and dominated undergrowth should be removed 
before the area is planted up, as such growth affords vciy favour- 
able shelter for the weevils. 

V. It has been proposed by Heyer and other authorities that 
planting should not be attempted until one or two years after 
the felling. By this time it is hoped the remains of the roots 
■will have dried up and become unsuitable for breeding places. 
Dr. Bess considers that this involves too great a sacrifice of time 
and interest on capital, even if it avoids the necessity for replac- 
ing 50 per cent, of the plants, and also that the consequent 
deterioration of the soil entails more expense than the cost of re- 
planting the failures. He estimates that an interval of at least 3 
years instead of 1 or 2 years is requisite to cause the roots to dry 
up and become incapable of serving any longer as breeding places. 
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■vi. Strong transplants should be used, together with 1 to 2 
years’ temporary field crops. Ball and mound planting are 
recommended, and Ndrdlinger prefers autumn planting, as the 
plants are less liable than those put in in the spring to attacks by 
the weevils. Temporary field-crops involve a thorough working 
of the soil, and this requires complete eradication of the roots of 
the former crop of trees. 

In Saxony sowing in patches is preferred to planting where 
there is danger of an attack of weevils. 

vii. Broad-leaved trees may be mixed with the conifers. 

viii. Sheep may be fed over the felling-area, as their droppings 
are obnoxious to the beetles. 

ix. Protection of insect-enemies : the fox, rook, crow, jay, 
starling, etc. 

(e) Remedial Measures. 

i. Trenches to trap the beetle should be dug. These may be 
utilised either for isolating the plantations, or merely for catch- 
ing the beetles. The isolating trenches are dug round the 
felling-areas in order to separate them from neighbouring culti- 
vations, and to collect the beetles which may appear Avithin their 
radius. The other class of trenches for trapping the insects 
is dug within the felling-areas. If this plan is followed, all 
cultivations are isolated. The trenches must be kept in order, 
and repaired after rainy weather ; all beetles which are found in 
them should be crashed. 

Unfortunately these very effective measures are not always 
possible, for instance in stony or very loose ground, or on 
steep slopes. The dimensions for the trenches are given on 
p. 154. 

ii. Artificial breeding-material may be supplied in June, in 
tbe form of smooth-barked pine or spruce poles 8 to 6 feet long 
and 2 to 4 in. thick, oat when in full sap and buried in the 
ground at intervals* of 30 paces apart, obliquely, so that one end 
is 10 in. deep in the ground, and the other about 1 or 2 in. 
above tbe surface. In order that the bark may be preserved 
intact, the holes must be dug beforehand and the pieces of wood 
placed in them and covered with earth and sods, which should 
bo slightly trodden down. 
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These traps should he placed in the fclHng-arcas, but arc 
useless in cultivations ; they should he carefully pulled out in 
September and October and burned, so as to destroy the larvro 
they contain, and in order that none of them may bo overlooked, 
they should bo placed regularly, or n small stick should bo stuck 
in the ground by each of them. 

iii. Traps made of pioccs of bark may be distributed about the 
felling-areas and cultivations between the months of April and 
September, and must be renewed two or three times during this 
period as they become dry and cease to attract. 

The best size is from 12 to 16 in. long x G to 8 in. wide. 
They are idaced with the bast downwards and sometimes several 
one over the other, and pressed down with clods or stones to 
keep them moist. They must bo searched daily for the beetles. 
From 25 to 50 are required per acre, according to the abun- 
dance of the insects. Conifer-bark and, by preference, that of 
the Scotch pine should be used. 

Children collect the beetles better and at a cheaper rate than 
adults. It is a good thing to place fresh pine twigs from the 
youngest shoots, under the bark to attract the beetles, which 
will be found eating these twigs when the bark is lifted up. 

iv. Cultivations may be searched over for beetles by children 
or labourers engaged in plantation work just before the midday 
or evening rest, w'ith good results, and at a very slight expense. 

The above remedial measures, if steadily pursued, will render 
the attacks of these insects of no importance. The beetles 
should be killed by crushing on a hard surface or by scalding. 

In Germany J-Iylohiiis ‘pinastri, Gyll, a smaller species of 
weevil, does similar damage to that caused by II. abictis, and 
should be dealt with in the same manner. II. pineti, Fabr. 
attacks young larch in like manner. Neither is British. 

9. Pissodes notatiis, Fabr. 

(a) Description. 

Beetle 7 to 8 mm. long, of a reddish brown colour, and 
irregularly sprinkled with bright-coloured squamous hairs ; pro- 
thorax with about 8 yoUowish-white spots, its hind-angles acute • 
elytra with impressed lines of punctures and two broad form- 
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ginous or whitish bands, the anterior one interrupted at the 
satnre. 

(b) lAfe-History. , 

Period of flight : April and May. The eggs are laid in these 
two months, generally on the stems of yonng coniferous plants 
and preferably on the lowest internodes, hut also on the trunk 
or roots of older plants, on felled trees and stacks of firewood, 
and on cones. 


Fig. 00. 
a 



a and &, Imago. e Larva. d Pupa. 


The larvce appear 3 or 4 weeks afterwards, in June and July, 
and live between the hark and wood, pupating in their burrows 
at the beginning of August. 

The beetles emerge from the middle of August to the end of 
September, and hibernate at the roots, between cracks in the 
bark, under moss, litter, or in the ground. 

Lar^’ffi and pupte of this insect may also be met with during 
the winter, and the beetles , from these appear in the spring. 
Generation single. The insect is widely spread, but less com- 
mon than Hylohivs. This is decidedly the case in Britain, 
whore P. notaius is almost confined to the conifer woods of 
ijcotland. 

(c) Relatione to the Forest. 

The beetle in May pierces the bark of Scotch and black pines, 
more rarely that of the ‘Weymoutb pine, spruce or larch, near 
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the rootstock down to the bark and sapwood, 
partly to feed on the sap, and partly to lay its 
eggs there. It prefers 4 to 8-year-old plants, 
but also attacks poles up to '30 years of age. 
The perforations resemble fine needle holes, and 
are very numerous. 

The larvse eat their w’ay between the wood 
and bark in descending, slightly winding, and 
constantly broadening passages, which become 
filled with wood-dust ; at the extremity of the 
burrows they construct oval cocoons made of 
wood-fibres, out of which the beetle bores its 
way. 

The insect is most .destructive in the larval 
stage. Plants which are attacked may be recog- 
nized in July by small drops of turpentine on 
the bark, and by the reddening and eventual 
death of the needles. If it has not been 
girdled, a few green twigs may still be noticed 
on the wilting plant. 

The larvBB also live in the young cones, often 
two or three together. Later on these cones 
become yellowish-grey, and may be recognized 
by the circular exit hole of the beetle, which is 
about the size of No. 6 or No. 7 shot. 

- (d) Protective Rides, 

i. All sickly plants and dominated stems 
should bo removed. 

ii. All rootstocks should be grubbed up, and 
all felling areas rapidly cleared. 

iii. Woodpeokers should be preserved. 

(e) Remedial Measures. 

i. Young plants containing larvte should be 
pulled up and burned in June and July. 

ii. All poles which have been attacked should 
be felled and barked. 

iii. Billets of unbarked fir-wood should be 


Fig. 91. 



Cocoons of P. 
notatns, Fabr., on 
the stem of a young 
pine. In the por- 
tion covered with, 
bark as^uiire aper- 
ture has been cut, 
under which is a 
flight-hole. 

{Natwal size.) 


Fig. 92. 



Fine -cone from 
which P. notatus, 
Fabr., has been 
bred. (Natural 
size.) 
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laid about, ns for JT. abietis, in order to attract the booties for 
egg-lnjing. They should be removed from the middle of June 
to the middle of July and burned. 

iv. Cones attacked bj’ the insects, and recognizable by the 
exuding turpentine, should he collected and burned. 

10. Other Species of Pissodes. 

Another species, Pissodes pint, L., attacks almost every 
species of pine and also young spruce in a similar manner to 
P. notatus. In Great Britain it is confined to Scotland, where 
it is locally common. It is a rather larger insect, with the 
anterior fascia on the eljiira reduced to n few pale spots and tho 
posterior fascia much narrower. Other species of Pissodes de- 
structive to conifers in Germany arc P. pinipiiitm, Hbst., on 
Scotch pine; P. hcrcyniec, Hbst., on spruce, which has been very 
destructive in tho Ilnrz and other forest districts in Germany ; 
and P. picca, HI. on tho silver fir. 

FaJIILY VII. — SCOLVTIDO: (BAHK-BEnTI.ns).*' 
Description of Family. 

Beetles small and ojdindrical, resembling tho Anobiidec in 
their general form. Head globose, rarely produced into a short 
muzzle, and inserted deeply into the convex thorax; antennre 
short, more or less elbowed, and terminated by a large club, 
their funiculus composed of 2 to 7 joints. Legs short, tho tibiic 
spined or toothed on their outer border, tho tarsi wdth four 
evident joints, the third sometimes bilobed. Abdomen of 5 
segments, the two first of which aro generally fused. 

Generation : usually' annual, sometimes biennial, or extending 
over a year and a half. Larvee cylindrical, curved, with tubercles 
bearing sti'ong hairs, apodal, and closely resembling the larvm 
of weevils. 

Pupte short and thick, with a few spines and hairs. 

The larvaj and beetles live almost exclusively in the bark, bast 

Eiehlioff, W, Dio Enropoisclion Boikcnkafcr, Berlin, 1881. Tho best 
monogiaph on tho Bark-beotlcs. 
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or wood, more rarely in the pitli of our forest trees. They 
attack roots, stems, branches, twigs and young shoots, and 
young or old wood, preferring the latter. The kind of tree 
which they attack, and the arrangement of their borings is 
usually characteristic of each species. The beetles penetrate 
into the trees by boring a small entrance-hole, like a shot- 
wound, through the bark. This is usually accomplished by the 
? , but in some polygamous species the c? enters the tree and 
excavates in the bark a small pairing-chamber. From this 
chamber, or from the entrance-hole, proceeds the gallery, which 
is made by the $ , and in the outer surface of which a few 
air-holes may be perforated. The galleries may be divided into 
those constructed in the bark or alburnum, parallel to the 
exterior surface of the tree, and those which run more or' less 
vertically into the wood; the former may be subdivided into 
longitudinal or transverse simple galleries, forked galleries, or 
stellate galleries, the latter being formed by several $ boring 
radially outwards from the circumference of a pairing-chamber. 
The foi*m of the gallery is in the main constant for each species, 
but may be modified by the size of the stem which is attacked, 
by the presence of knots, &c., or by the over-abundance of 
insects boring in the same trunk. The ? lays her eggs as a 
rule in small hollows bitten out alternately on each side of the 
gallery she is gradually excavating, packing them in ivith wood- 
dust. The larvse, after hatching-out, eat galleries which radiate 
from the breeding gallery, becoming gradually wider with the 
growth of the larvoe, and filled with wood-powder ; they pupate 
in a chamber formed at the end of the gallery either in the bark, 
bast or sapwood. Finally the beetles eat their way out through 
round holes — -fiight-Uoles — of the diameter of their own bodies. 

This is the general mode of life of the bark-beetles. The ' 
larvse of those few species of Scolytidse which eat wood do not 
-make regular galleries, but merely enlarge the egg chambers in 
the wood of the tree, and the mature insects escape through 
the bark by the original boring made by the mother. 

Bark-beetles are specially addicted to conifers, and most of 
these species are monophagous. An occasional departure which 
they may make from this rule is to be looked upon as an 
exception due to local circumstances. There are also numerous 

VOL. rv. -a 
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species of these insects n’hich feed solely on coniferous trees or 
on hroad-leaved trees, but without attaching themselves ex- 
clusively to a particular Mnd of tree. Even the few polyphagous 
species show an individual preference for either coniferous or 
broad-leaved trees. There are no pantophagous hark-beetles, 
which eat herbaceous as well as wood}' plants, whilst those 
which only attack herbaceous plants are very few in number 
and without interest to the forester. 

This family of the Coleoptera is generally regarded as the 
most important which the forester has to guard against, owing 
to the large number of very injurious species which it contains. 
Eortunatel}', many of these are unknown in Britain, or are 
' so rare as never to have been classed among our destructive 
insects. 


A. SuBFASHLY TOSIICINI. 

Description of Subfamily. 

Head generally round, hidden beneath the thorax, and scarcely 
visible from above. Antennal funiculus 2 to 5 jointed. Thorax 
not contracted in front, convex or suhspherical, its surface 
covered in front with small asperate or tubercular projections, 
behind usually punctate or smooth. Tarsal joints simple, 
never hilobed, the first much shorter than the other three 
together. Elytra sloping downwards at the apex, the sloping 
portion, termed the apical declivity, sometimes impressed or 
excavate and often toothed. Under-surface of the abdomen flat. 
There are 11 genera and 29 species recorded from Britain. 

They generally live between the hast and sapwood, some 
entirely in the wood, and a few in the outer hark, and are very 
common in coniferous forests. 

1. Tomicus iypographus, L. 

(a) Description. 

Beetle 4'5 to 5*5 mm. long, stoutly built, dark brown or 
blackish, shining, hairy, with testaceous antennte and legs. Head ^ 
with a small tubercle immediately over the mandibles. Thorax 
as broad as long, its dorsal surface with rather fine sparse 
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pnuctuation over the posterior half. Elytra with deeply im- 
pressed strisB, somewhat finer posteriorly, the intervals flat, not 
punctured except at the sides and apex ; apical excavation dull 
and irregularly punctate, with four teeth on either side, of which 
the thu’d is the largest. 


(b) Lifc-TIistory. 

Flight-time at the end of April or in May, at higher altitudes 
at the beginning of June. Under favourable circumstances a 
second brood may appear in July or August. The beetles are 

Fig. 93. 


a 



Tomietts typograplms, L. 
a Imago. 2i Ijarva. c Pupa. 


found in pairs boring into the trunks of large spruce trees under 
the crown, especially on the sunny side ; when they reach the 
bast, they prepare a breeding chamber ; after pairing the ? 
excavates one or more galleries running in the long axis of the 
trunk, which besides the original bore-hole, may contain 2 to 5 
air-holes. On the right and left of the mother-gallery she bites 
out little recesses of the size of a poppy seed, and lays in each 
an egg, .generally to the number of 30 to 50, but sometimes 
as many as 120, which she covers with fine wood-dust. 

After 14 days the first larv® appear in May and June, before 
the egg-laying is quite completed, and eat out slightly winding 
galleries in the bast, somewhat at right angles to the direction of 
the mother gallery, pupating at their ends in a chamber in the 
bast. 

The newly disclosed beetles leave the trees through round 

p 2 
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lioloB in tbo bark in Julj' or tbo beginning of August, and 
hibornoto in stumps, cracks in bark, under bark, and more rarely 
in moss. AVhen tbcj come out early, before tbe end of June 
and under other favourable circnmstanccs, thej' at once com- 
mence to lay eggs for a now brood, from which beetles may 
appear during Septemhev at the latest. 

The entire development lasts on an nverago for 10 weeks, 
which is thus distributed over the various stages : egg, to 2 

weeks; larva, 2 weeks; pnpa, 3 
weeks; and imago, 31. to 4 weeks. 
lYhon circumstances are very 
favourable they can reach nnitu- 
ritj* in 6 or 8 weeks, hut under 
unfavourable circumstances, damp 
cold weather, or in shad}* places, 
12 to 13 weeks ate required. 

The generation is therefore 
either single or double, but in 
mountainouB regions, such ns the 
Thuringiau forest and the Erzge- 
birge, a double generation is much 
rarer than in tho plains. ' 
linrrnnR of T, L., in In rare cases whore there is 

.b.«i.ncc ot tooa .«,! » 

nitli iiairing-cliambcr (a) and egg- largo'** SWarm of beetles a tlirco- 
rcccbscs (I,. generation has been observed. 

This dangerous jiGst has fortunately been very rarely observed 
in Britain, and has never yet been recorded ns a destructive 
insect. Observations on tho duration of its generation in this 
climate are therefore wanting, but it is probably an annual one. 
As other insects, such as Xiflehoriis disjm', Hollw., which are 
normally rare in Britain, may occur unexpectedly in some 
numbers and prove destructive, it is desirable that tho forester 
should be acquainted with the economy of such species as tho 
present, so as to be prepared to meet a contingent outbreak, 
which is by no means impossible. T. fypoffraplnis, L. may bo 

* Von Enjawa often fonnd in pieces of berk 10 cm. long and broad, ns many ns 
40 to so beetles, and 1,000 pairs of beetles attacking ono tree in the spring nro 
capable of producing as many as 800,000 by the nntuinn. 


l-ii. PI. 
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imported from time to time in the bark of unseasoned spruce- 
timber. 

Bark-beetles are generally slow and lazy insects, which only in 


very worm weather will 
fly to the top of trees. A 
flight of them to remote 
places is therefore a rave 
occurrence, due to over 
rapid multiplication aud 
want of food. 

(c) Relations to the 
■ Forest. 

The beetle, both as a 
larva and as a perfect 
insect, does physiological 
damage to conifers. 

It chiefly attacks old 
spruce trees, generally 
those between 80 to 100 
years old, and very sel- 
dom when under 50 years. 
It is said to have been 
found quite exceptionally 
on larch and Scotch pine 
and on the Cembran pine. 
Even if, in these oases, 
it has not been confused 
with the extremely simi- 
lar species T. amitintis, 
Eichh., on the larch, and 
T. cembra, Heer, it must 
be admitted that T. ti/po- 


Fici. 05. 



Ii««Tows of y. typograjilma, L., in spruce, 
tark. {Natural aizc . ) 

a Fairing-cbamtcr (nitli ontmncc-liolo). 
h MoUior-gallcrics (vertical and forked), 
o Lan'al-gallerics (widening outwards}. 


graphus only appears in swarms in spruce woods, and only 
attacks trees with thick bark. 


The injuries are confined to the bast-layer, aud are fatal to 
the trees which are attacked. 


The resulting disease is called spruce-canker. Sj'mptoms of 
the attack are — ^yellow or red discoloration of the needles, grey- 
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ltiirTO\ts of T. typographv^, h,, in Epnice-bark. (Natural size.) 
a Fairing-cbaraboi . e Air-bolo. e Fliglit-liolc. 

6 Motber-giUleijr. a LaxTal-gaileries. 


ness, loosening or falling off of the hark, numerous bore-holes 
through its substance, and the presence on the trunk of boring- 
powder ejected from^thc burrows. 

Trees infested in the spring ax)pear differently affected to those 
injured in the summer. The needles change colour rapidh’ in 
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the former case, whilst in the latter the needles remain green, 
even whilst the bark has already partially fallen oflf. This 
depends on the difference in the movement and composition of 
the sap at the different seasons of the year. In the spring, the 
ascent of water from the ground is cut off from the crowns of 
the trees by the destruction of the hast, and the foliage at once 
begins to change colour. In the summer the descent of the 
supplj' of nutritive material prepared by the leaves is cut off, 
while the crowns still gat the nutriment, hence the needles 
remain green while the bast is killed. Nevertheless trees 
attacked in summer eventually die. 

This species of Tomiens is therefore extraordinarily de- 
structive to spruce forests, and be considered the most 
destructive of all European forest insects. The beetle prefers 
trees freshly felled during the season of growth and also sickly 
standing trees, but when it appears in largo numbers, oven 
perfectly sound trees are attacked. It avoids barked logs, and 
rarely attacks stools ; it only utilises the upper layers of fire- 
wood-stacks for oviposition. Its favourite resorts are tljinly 
stocked woods, and the borders of felling-areas, generally in 
sheltered, dry n-arm places ndth a southerly aspect. Its dis- 
tribution extends far north and high on the mountains, which 
it prefers to the plains ; it is hardy and but little affected by 
unfavourable weather. 

The worst attacks of this insect recorded in the present 
century were in East Prussia between 1857-1862, and in the 
Bohemian and Bavarian forests in 1878-1876, 

Professor Liudemann of Moscow thinks that this beetle never 
attacks perfectly sound wood. As tho Russian forests are 
generally full of dead and dying wood, it is no wonder that the 
beetle should have no reason there to attack sound trees. 

(d) Protective Rules. 

^ i. Spruce-trees should only be grown in suitable localities. 
They should be mixed with silver-fir, and there should be eaidy 
and frequent thinnings. 

ii. The woods should be inspected every May, and all sickly 
trees should be removed. 

iii. All rules applicable to the locality for protection against 
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windfall, snow-break, etc., sbonld be observed, as all broken 
wood affords good breeding material for bark beetles. 

iv. All broken wood sbonld be speedily barked and worked 
np, including semi-erect trees the roots of which have been 
loosened by the wind. In iJiis operation standing trees should 
bo injured ns little ns possible. 

V. Damage by game, espcciall}' peeling, should bo guarded 
against. 

vi. Extensive clear-cutting areas should bo avoided, and the 
felling areas should bo cleared ns soon ns possible. Above all 
the woods should be kept clean. 

Small felling-areas should be adopted ns are usual in the- 
Thuringinn forests, in contra-distinction to the large felling- 
areas in the Harz, where tho insect has been notoriously 
injurious. 

vii. Ail logs intended to remain for any 2>rolonged time in 
tho forest should be barked. 

It is imperative that this shall bo done to all larger logs, but 
this w’ork need not bo carried out till May, in order that tho 
Inrvas which may have developed in tho logs may be destroyed. 
Barking in May is also cheaper than in "tvinter, ns tho work is 
easier and tho dnj’s longer. All largo fuel logs should be sidit 
so that their bark may be limited to narrow stiips. They should 
bo stacked with the bark downwards. Stools remaining in the 
ground should also bo barked. 

viii. Trap-trees should bo prepared for felling (see c, i.). 

ix. All enemies, of bark-hcetles should be preserved. Tom- 
tits, golden-crested WTens and woodi)Cckers are most important 
in this respect. When a swarm of bark-beetles is approaching 
extinction, ichneumon -wasps appear in great numbers. 

(e) Remedial Measures. 

i. Trap-trees should be feUed from March till September, and 
should be barked and the bark burned as soon as the Inrrie are 
full-grown. Old or somewhat dominated spruce-trees with small 
crowns should be chosen, especially when the root- stock has 
been somewhat loosened from the soil by tho wind, ns such trees 
are more readily attacked by the beetles. In the spring, whilst 
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tlie weatlior is still damp, it is sufficient to fell new trap-trees 
at intervals of from 5 to 6 weeks, but in summer this sbould be 
done at least once a montb. The local flight-periods sbould bo 
followed in this respect, and from 8 to 14 days before trap-trees 
are barked fresb ones should be felled. 

In order to facilitate control the trap-trees sbould bo 
numbered, and a register kept up to record the development of 
the beetles. Cogbo reckons 6 trap-trees for 100 paces along the 
boundaries of the felling areas. 

Batzeburg recommeuds that the trap-trees sbould not be 
deprived of their branches, and that they sbould be placed on 
stumps or stones, so that the beetles may boro in from below as 
well as from above. Moat authors agree with this advice, but 
Eischbach recommends the lopping off of the branches, as then 
the trees dry up the sooner, and he also maintains that the bark- 
beetles only attack lopped trees, which is contrary to experience. 
Hess recommends that the branches be left, both on account of 
the cost of lopping, and because numbers of bark-beetles of other 
species are attracted to them. The trap-trees should bo barked 
at latest as soon as pupation of the larva; has occurred, and all the 
bark must be burned. 

If the barking be longer deferred, some of the beetles 
will escape, and if it be done too earlj* too many trap-trees 
will be required, or the beetles mil oviposit in standing trees. 

The removal of the bark must be carefully done over cloths, 
and should be done on cool moist mornings, as the beetles are 
then most inert. 

It is not sufficient to expose the bark to the effects of the 
sun ; this may kill larvro which are really exposed, but in the 
case of thick bark many would escape, and pupie from which 
beetles are just ready to emerge would not be killed. 

It is best to burn the bark during cool weather in natural 
hollows, or in trenches, and to surround them with a wall of 
glowing embers, so as to kill any beetles which might happen to 
creep out. The smaller branches and twigs should also be 
burned, as they generally contain many other smaller but 
dangerous bark-beetles, such as T. chaleographtia, L. T. 
typographus, L., may also swarm in the branches. 

It is no use burying the bark at a less depth than 16 to 
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18 in., as the beetles ean find their vray ont from shallower 
pits. 

ii. All standing spruce which show signs of having been 
attacked should he felled and barked in June, and the bark 
burned. 

iii. In the case of a large swarm of these beetles, all trees 
attadied must be felled, the larger baulks barked and the 
remainder made into firewood or charcoal. All recently attacked 
trees should be felled first, as the beetles hove probably left the 
trees which have been long attacked. 

Some details may be given of the latest plagues of bark-beetles 
in the Bavarian and Bohemian forest.*' In the former about 
24,700,000 c. feet of wood was killed in six forest-ranges. 
The beetles were occasionally so numerous as to obscure the sun. 
Accompanying T. typographm, L., were T. clialcographm, L., 
Hyl. palliatits, Gyll, &c. In the Finsterau range 1,000 wood- 
men were engaged to fell and bark the trees, and, as local labour 
wasinsufficientjBohemiansandltalianswererecrnitedfortbework. 

In the Bohemian forest, the damage done was even on a larger 
scale ; between 1872 and 1874, on 9,012 hectares (22,530 acres), 
3,632,050 cm. (127,964,000 c. feet) of wood, or about 450 c. 
feet per acre, were felled. ' Thus altogether in Boliemia and 
Bavaria 162,600,000 c. feet of wood was killed by these insects. 

2. Tomicus amitimis, Eicbb. 

(a) Description. 

Imago 4 to 4*5 mm. long. It greatly resembles the foregoing 
species, from which it can be distinguished as follows : — ■ 
head without frontal tubercle ; interstices between the eljtral 
striae punctured throughout; apical excavation with a silky lustre, 
with regular rows of punctures. 

(b) Life-History, dec. 

Similar to the foregoing species, but besides spruce the beetle 
attacks Scotch pine and larch more frequently than T. typo- 
graphus, L. Its mother-galleries are bifurcating and frequently 


Dor Borkenktiferrrnsi!) im Bobinenvalde. Allg. Fist. ii. Jgd^tg., 1874, p. 349 
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Stellate ; tlie larval galleries start at an oblique angle to the 
former, and run in a zigzag direction, and both galleries aio 
moreintbe sapwood, whilst those of T. typograpims, L., are con- 
fined to the bast. The insect, which is 
more active than T. typographits, L., is often 
commoner on the Continent. It is at present 
unknown in Britain, but is, perhaps, as likely 
to occur in injurious numbers as its congener, 
and is certainly a worse enemy to the Scotch 

pine. 

(c) Protective Buies. 

As in the former case, but in mixed coni- 
ferous forests, besides spruce, Scotch pine 
and larch trap-trees should be felled. 



3. ToiniGits {Pityogcnes) chaleographiis, L. {Small G-toothed 
Spruce Bark-hcotle), 

(a) Description. 

Beetle 2 mm. . long. Very shining, almost glabrous, 
either entirely bright reddish broism, or with the thorax and the 
base of the elytra dark brown. Prothorax contracted towards 
the apex, its posterior half scantily punctured, with a smooth 
median line. Elytra with fine punctured strise, their interstices 
mostly smooth and impunctate, apical excavation narrow and 
deeply impressed, its elevated sides armed with 3 teeth on each 
elytron, which are larger in the cJ than in the ? . 


(b) lAfe-Tlistory. 

Season of. flight: April and May. The eggs are laid 
in spruce-bark. The larvre appear in May and June; pupa- 
tion follows in June and July, and the newly hatched beetles 
bore their way out generally in July. The insect may hibernate 
in the larval, pupal or imago stage ; the generation is usually 
annual, sometimes twice in the year. 

T. chaleograplius is much less rare in Great Britain than 
T. typographus. It is, however, local and not usually common, 
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vesemblmg in this respect many oilier insects that feed on the 
spruce, which is not an indigenous tree. On the Continent it 
generally acoompanies the two preceding species. 

(c) Relations to the Forest. 

This hark-heotle ordinarily attacks only the spruce. It has, 
however, occasionally heen found in silver-fiv, larch and Scotch 
pine, and also on Weymouth and mountain pines. 

It is very fond of interrupted pole-woods about 40 years old : 
in the case of old trees it attacks only the branches and crown. 


Fio. 99. Fig. 100. 



Tomicus <7takograp1ttts, L. 


leaving the destruction of the bast of the stem to the larger 
species. Exceptionally it may be found in 8 to 12-yottrs-old 
spruce thicketS' which have been attacked by fungi {AScidium 
ahictinum, de Bary). 

The, breeding-galleries are of characteristic stellate form, con- 
sisting of 4 to 7 slightly curved arms, which run transversely 
rather than longitudinally, groove the sapwood and spring from 
a pairing-chamber excavated in the outer part of the bark. 
Erom each side of these extend the larval galleries which run 
principally in the bast, marking the sapwood less deeply. 

The protective rules are the same as for T. typographus, L. 

4. Tomicus sexdentatus, Boern. 

(a) Description. 

Beetle 6 to 8 mm. long. The largest species of 'Tomicus.- 
Elongate, cylindrical, shining, with long pubescence, brou-n' 
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with 3 'ellowisli-brown antennao and legs. Prothovax longer 
than broad, sparsely and moderately deeply punctured behind 
the middle, with a wide .smooth median line. Elytra with 
strong punctured striro, apical excavation deep, its elevated 
margins furnished with 6 teeth on each elytron, of which the 8 
upper ones are small, and the 4th is the largest. 


Fig. 101. 



Stellate galleries of T. ehal- 
egg-recesses, 

in sptnee-bark, 

[Natural siar.) 


Fig. 102, 



Stellate galleiiet, of T. cJialeographvf, R, on sprac® 
sapoood, radiating fiom the paiiing-chambeHi (oj. 
b Knots. 

[Natural lize.) 


(b) Life-History. 

Season of flight ; usually somewhat later than for T. typogra- 
phns. It is found in May and again in August and September. 

It selects for oviposition large Scotch pines with thick bark, 
and generally fallen or freshly-felled trees, windfalls and stacks 
of firewood ; rarely standing trees. The development resembles 
that of T. typograpJms, 

The larvie are found in June and July; the pup® in July and 
August ; the newly' emerged beetles in August and September. 
The latter forthwith pair, and a new brood commences. The 
insect hibernates under bark as an imago of the first or second 
brood. 

Generation either annual or twice in the year. 

(c) Relations to the ForesC 

The beetle attacks the Scotch pine, and prefers old trees with 
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thick hark. It Ims also keen ohacn-ccl on hlnck aiul cluster 
pines, and very rarely on spruce. In the ahsence of old wooc s 
it has licrc and there attacked poles 20 to 80 years old. 
The attack is on the hast, and rcscmhlcs that of T. tifjmprapli tis, 
but is less regular, and the breeding galleries arc long and wide. 
Sometimes the numerous larval galleries coalesce, in which oaso 
the brood live together and completely undermine the bark. 
This beetle is more frer[Uont in the plains than in the mountains, 
and may be considered rare. In Britain it has been found 
about ns often as T. tupocfrajyhns, L. The protective measures 
are the same as for that insect. 


Fig. 103. 101. 



5. Toinicus laricis, Fabr. 

(a) Description. 

Beetle 3'3 to 4 mm. long, of cylindrical shape, dark brown, 
shining, thinly haired, with antennoe and legs ferruginous. 
Thorax scarcely longer than broad, its posterior half sparsely 
punctured, with a less distinct median impunctate line. Elytra 
■with regular punctured strite, the interstices with single rows 
of fine points, apical excavation almost circular, deep, its 
elevated margin with from 3 to 6 short blunt teeth, and an 
accessory tooth on the inner side of the 2nd and 3rd teeth. 


(b) Dife-History. 

Season for flight : April and May ; a second brood appears 
in July and August. 
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Fio. 105. 



Burroira of T, larieh, Fabr. in larcb-bork, (Xaltiral »i:e.) 
a Conjoined )an‘aI-bamnio. i FJigbt-hoIes 


TJio ' eggs are laid in tlie bark of various conifers. Stems 
injured by a forest fire, or felled trees, are selected in preference 
for egg-laying. 

Larvte appear in June, and those of the second brood in 
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August or September. Pupation takes place in tlie bast in June, 
July, and again in September and October. 

The fii’st brood reaches maturity in July, and the second brood 
in October. The beetles hibernate under the bark. 

The generation is therefore double, and may be threefold in 
southern France. The beetle is found almost throughout 
Europe, and is common in most places. In Britain it is, per- 
haps, the least rare siieoies of the genus, if I'omirus bulentaUis, 
Hbst. be excepted. 

I 

(c) lieliitions to the Forest. 

The beetle does not by preference attack the larch, but is found 
on all conifers, particularly on the Scotch pine, and then on 
the spruce. It attacks poles and mature trees, and exceptionally 
young growth. 

The mother and larval galleries are in the bast. The former 
are generally vertical, slightly curved or bent at an angle at 
either end, uith 2 to 4 ah’-holes (Fig. 105) ; the latter are 
horizontal for a short distance, bnt gradually bend up or down, 
and often run into one another, forming a common chamber 
(Pig. 105, a). 

The beetle is said to gnaw young plants (Scotch pine), near- 
the collum, bat this statement requires confirmation. 

(d) Protective Hides. 

(a) Prevention. 

Keeping the forest clean, and rapid clearing of felling -areas. 

(b) Remedial Measures. 

'i. Trai)-trees as for T. tyjiographus, L. 

ii. Poles or logs used for traps stuck and placed into the 
ground in March. These should be examined in June, and 
those containing larvae should be burned. 

iii. All young plants which may be attacked and which may 
be recognized by the reddening of the needles, should be pulled 
up in June and burned. 


VOli. IV. 


Q 
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G. Toiiiifuii {JHtiioflcnex) liidcntHttis, Ilerbst. 

(n) Pmrij>tiini, 

Beetle 2 to G mm. loiip; ; pitclij'-lilnck, soinowhat sliiuing, witli 
tinclinh'K; niitciinii' and legs ferruginous. Thorax couslrictcd 
in front, and rather dceplj' punctate holiind, with a smooth 
median elevated line. Elytra with rows of punctures, impressed 
towards tho sides only, apical exeavation somewhat deep in the 
, with a single strong hooked tooth on each side ; in the 2 
the declivity is impressed on either side of the suture, and the 
teeth arc reduced to inconspicuous tuherelcs. 


Fu:. IOC. r«!. 107. 



(b) Life-IIistorif. 

The ? lays her eggs in May and Juno in Scotch pine woods, 
on young plants, poles, branches, and on refuse on felling areas. 
The pairing chamber is often furnished with short prolongations 
Avhioh are breeding galleries commenced but abandoned, and 
penetrates deeply into the sapuood. Portions of the stems 
covered by thick bark are avoided. 

The larvte appear in June and July: tho second brood in 
August and September. 

Pupatio7i : in Jnl}’ and August, in the bast or sapivood ; the 
second brood, uhich hibernate as lavvas, pupate in the following 
May. 

Flight- 2 >crio(I : in August. The second brood is mature bj' 
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June of the following yeai*, and is followed by a third brood 
in the autumn which winter in the beetle stage. 

The generation thus extends over l-t years. The beetle fre- 
quently appears in company with T. 

Cartels, Fabr., and is widely dis- 
tributed. It is common in conifer 
forests in Britain. 

(c) Relations to the Forest. 

The common Scotch pine is the 
chief tree attacked by this bark- <z- 
beetle. It has, however, also been 
found in the Weymouth, cluster and ^ 
mountain pines, and R. Hartig has 
noticed it on the spruce. It prefers M 
the plants of 6 to 12-years-old cul- 
tivations, and oiUy attacks the 
branches and twigs of older trees, 
whore the bark is thin. As, how- 
ever, it attacks trees which are 
thoroughly sound, the crowns of trees j'’ <j ['jj 'i 

are considerably thinned out by this M a I'ilA '/,y ’i ^ 

The bast and saiiwood are both K 

attacked. The irregularly stellate 

mother-galleries are generally 4 W 

to 7-armed, rarely 3-armed. The v IM 

branches of these galleries run 

loneitudinallv rather than horizon- „ . ZTITT" ' 

. Burrowb of T. bulcnlatiis, Hbst. 

"tElly, HUd. I1£IV6 & Knottcu. 0>pp6flTQ.]lCD, on pino sapwood. 

as the egg chambers' are large and ^ paring eUambors 

comparatively far apart. The larval 

galleries are somewhat winding and sparsely distributed ; both 
'kinds of galleries may be clearly seen on the sapwood, though 
those made by the larvre are more marked in the bast. 

This beetle readily attacks woods which have suffered from 
fire. Trees which have been severely attacked may be recognised 
by the yellowish colour of their crowms. 

Q 2 


IS 'ill 

IMiS 


Burrowb of T. bidentatiis, Hbst. 
on pino sapwood. 

( Vatural size . ) 
a Riiring-ebambors. 
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(d) Protective Rules. 

As for T. hiricis, L. ; bnfc trap-trees nro useless. Instead of 
these, branches may ho used us traps, wliich should be burned 
«s soon ns they nro stocked with Invvm, nnd replaced by fresh 
ones every 4 to 5 weeks iwtil the nutumn. Poles seen to be 
attacked by larvn? should bo imraodintel}’ felled and harked, and 
the hark burned. 


7, Tomictts acnmviatiis, Gyll. 

Beetle 3 to 4 nini. long ; brown, nith yellow-grey pubescence. 
Elj'trn regularly punctate-striate, the excnvntion circular, 
acuminate at the apex of the suture, its elevated margin uith 3 
teeth on cither side, the first a small tubercle, the Inst the 
largest, and situate about the middle of the margin. 

IJ/e-TIistory, i(V. 

This species chiefly infests the crown of full-grown or old 
Scotch pines. The mother-galleries consist of 3 to 5 branches, 
radiating from n .spacious pairing-chamber nnd grooving tho 
sapwood rather deeply when excavated in thin bark. The 
lorvnl galleries are twisted, frequently coming into contact or 
even ci'ossing, but as n rule scarcely marking the sapwood. 

The species, though not voiy common in Europe, is not x-aro 
in Scotland and the north of England, and must be considered 
as one of our injui'ious species. Its attacks must be treated on 
the same lines ns those of other species of Tomieus. 

8. Ti mtodniflron Uncutum, Gyll. 

(a) Description. 

Beetle 3 to 4 mm. long, short and cylindiical, black, the 
hinder paxt of the thorax and the elytra yellowish brown. The 
lattei' with three black bands each, along the suture, in the 
middle and along the outer margin, of which the middle band 
js not always complete ; they are marked with rows of large 
punctures ; apical declivity not impi'essed nor toothed. Anten- 
nal club flattened oval, blunt at apex, without trace of sutures. 
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(b) Life-Historif. 

The season for flight is in March arid April, and again in 
June and July. 

The $ prefers felled trees, provided they are still sufficiently 
moist, also windfalls, and sometimes stems still in the ground, 
high stumps or broken trunks. A good deal of care is shown 
in the selection of breeding places, and the material must be 
neither too fresh nor too dry. The beetle rarely bores into 
cleanly barked stems, and is only rarely found in standing 
healthy trees. The ? bores vertically into the tree for an inch 
or more, constructing one or rdore brood galleries at the end of 
her tunnel, usually at right-angles to the 
entrance burroAv, and always transversely 
to the long axis ; in the floor and roof 
of these galleries she gnaws small cylin- 
drical holes vertically into the wood for 
the reception of the eggs, and after ovi- 
position, she blocks these holes with 
wood-dust, forming partitions between 
the secondary and primary galleries. 

There are generally from 80 to 50 
«ggs. 

The larva; appear -in May, and those of 
the second brood in July and August. 

They pupate in a cocoon of particles of wood in July, and again 
in August and September. 

The imagos appear about the middle of July, and leave their 
birthplace through the old mother-gallery, after breaking 
through the partition, which remains intact up to that time. 
They at ouce set to work to produce a fresh brood. The 
species is widely distributed throughout Europe, but is con- 
fined in Great Britain to a few localities iu the Tay and Dee 
districts of Scotland, where it has not as yet proved injurious. 

(c) liclations to the Forest. 

The beetle attacks all conifers, but chiefly the silver-fir and 
spruce, and only large trees. The round-bored gallery pene- 
trates at right angles to the axis of the tree. It consists of 


Fig. 109 . 



*Vi 

Trypodendroa lineatum, 
Gtyll. 
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an entrance passage ond breeding galleiy. The latter is cither 
merely a prolongation of the former, or is usually composed 
of two brauchos, which generally follow the annual zone of the 
iivood in the same plane. It is rare that several annual zones 
are traversed by it. The entrance gnllerj' is generally confined 
to the snpwood. The larv® on emergence feed on the sap of 
the wood, and by gnawing extend their egg chambers to short 


Fiii. 110. 



Transverie section of a 
spruce stem (miticcti) uitli 
linrravs of T, lintalum, 
GjH. (yatuivl list.) 
a Entnince-gnllerics. 
b Brecdiiig-g.illeries. 


Fio. Ill, 



« Uotlicr galleties, 
b Lnrral galleries nml impnl 
chain l>ers. 


cylindrical tunnels in ivliich they pupate. In the secondarv 
galleries, and on the partitions, white fungus mycelia {MomUa 
Candida) appear, which are also devoured, not as was formerly 
supposed because they are tbe chief food of the larvie, but to 
clear the way for the larvte. 

Later on the walls of the galleries and the adjoining wood 
become black owing to fungoid gi’owtb. 

Tbe beetles damage the commercial value of the wood, the 
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finest stems being frequently bored like n sieve, and rendered 
useless for most purposes. The insect is most frequently found 
in forests where mucb wood is broken by wind or snow, and 
where there are winter-fellings. 

(d) Protective Tt tiles. 

i. Immediate removal of all sickly coniferous trees and of 
broken wood and stumps from the forest. The latter should at 
least be barked, if their timely removal is not advisable. 

ii. Felling in the growing season, and immediate removol of 
the bark. 

It may hajjpen, when the beetle is in great numbers, that 
barked trees may be attacked. If winter-felling cannot be 
avoided, and barking is impossible, the wood should be removed 
before March. 

(e) Remedial Measures, 

i. Tree-traps may be felled in July and August to attract the 
beetles about to lay. These trees must bo barked and split open 
to destroy the larvre, and fresh tree-traps provided continually 
till October. 

ii. Fire-wood may be used as traps, but must be removed 
from the forest before the beetles come out. 

9. 'Prypodendron domcsticum, L. 

(a) Description. 

Beetle 3 to 4 mm. long. Similar to the preceding species but 
more elongate, Avith the prothorax entirely black ; the elytra 
livid yellow, regularly punctate-striate, and impressed at the 
apex on either side of the suture. Antennal club as in the pre- 
ceding species, but produced into a blunt angle on the inner side 
of the apex. 

(b) Life-TIistory, tCr. 

Similar to that of T. lincatum ; but less important on account 
of its breeding chiefly in stumps and windfalls. It attacks not 
conifers but broad-leaved ti-ees, chiefly beech, oak and birch, 
also lime. 

The mother-galleries do not branch as a rule but run vertically 
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into the wood for two or more inehes. This insect is not 
nuconunoii in large woodhuuls in liriinin. If it injures 

commorcinllj’’ vnlunhle timber, 
the forest slioiild bo cleared 
of luntorinl contiiining the in- 
sects; spring felling is desir- 
able. 

T. queretts, Eiehli., is still 
tnore like T. Uncutum, Gyll, 
in Jippenmuce, but is dis- 
tiugnished by having the 
imtcnniil club nngulatc at the 
apex, ns in T. ihmcstlmm. 
In Imbits it resembles the 
Intter siiccics, but is much 
less eoinmon in Britain, being 
almost entirely eonlined to 
the neighbourhood of Sherwood Forest. 

10. Xylehorus dis 2 }ar, Hellw. 

(n) Descfiption. 

Beetle jJ 2 mm. — ? 3 mm. long. Pitch-blnck, the antenna.* 
and legs testaceous-red. short, convex, ovoid and very hairy, 
with the thorax granular in front, punctured towards the base, 
mth a smooth median line. Tho ? cylindrical, its thorax in 
front strongly asperate. Elytra strongly arched at the declivity, 
with lows of deep punctures, and raised tuberculatc interstices be- 
tween them. 

(b) Life-History. 

The season for flight is in May. The ? bores into several 
kinds of broad-leaved trees to lay her eggs, in preference below 
a branch, but never near the ground, attacking felled wood and 
j’OTmg standing trees. 

The larvae appear in June, pupate in July in the secondary 
galleries, and the beetles emerge in August.* They hibernate in 
the ^Ueries, and there is only one generation. This beetle is 
not everywhere common on the Continent, and till recently was 


Tio. 112. 
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(c) Relations to the. Forest. 

•‘sri.“ ;»x r-tr‘sr~ .= = 

otliBi- opeoieu which en secondary galleries along the 

"LTthe rrual rings ; from these again are constmoted 


Fig. 113. 


Fig. 114. 
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Xjihborni disjmr, Hollw. 


. .liavv broocl-galleries wbich run longitudinally upwards or 

r nwards In the brood-galleries the eggs are laid in clumps, 

lire them, and do not bore bnt feed on the enn^- 
aonl ot'sap and on the tnngi which orergi-ow the hnrroivs. The 
nleries me bored at the height of the growmg season m fte 
zones of the wood of perfectly healthy saplings, which 
Lcome diseased and die. The presence of the beetles may be 
detected by the borings, and the whitish bore-dust heaped up at 

the foot of the plant. . • 4. 

The beetle is very destructive in orchards, and sometimes to 

young oak-saplings. 

(d) Protective Hides. 

Unbarked orchard-props should not be used, as it frenuently 



‘J:; » 

hitjiji. ti>< tjiut 

frtiit-li.. ... 


i.ssf ('I,'., 

tli*‘ hfi.J., it., „.ty Tmuj ji,,. 


fi. m:. 


»*•) ir.t'tli.tl ^fujtur- 



liimottH of X. rlli- 
lo’r, Itcl|«,. i„ „„ 
l.Vaiimir 

«ir.) 

rr i:iitniticc . Iinic, 
iiMinlly uiiilf r n tnt^% 

IntcrnI pallet ira. 

</ Coiiiplcti (1 latcml 
jnllcrics ill ivliicti tliv 
innio III-. 


I. Hii' f ntnttu‘i-.{i(t|< In tlti- ittirrt>t\*i 
Im* ‘.nuar.il witlj tnr. 

ii. Ail wliii'ii h.^tt tuou jsi{:ir}.f.l 

nIiihiM 1«. r« nuivrti nn.] |.nr». ,1. 

iii. riir }ri*-t!< % iij.riv {Iji* 

jrnlliriMi ttiih wiri«. ntid tim |..,rn 

«i|. J.y m * 11 ,;^ in, tJ.rwi of tuM- 

iiJi IK i\ at ii.-r.illy Init Ims i^i-n 

H.ln|,ri.,I will, 


II. Srm i-m.Y n\j,j -.isivi. 

Hisul {•loniiiioiit mill n.n l*v tin- 

prolhoniv, with imhort nml hrna.l r<i>.tmin; 
nntonini. with it fimirultH of .1 t»» 7 joint*.; 
llinnix »inrr»w.-.l in front, iinifoMnly pum*t«t.< 
on tile hi, He ; rir*-t j„i„t inin*li hJjortiT 
thiin thootiii-r thi-fo toj*,.thi.r, tin* thinl hi- 
or ln‘nrl-!,hiiin.,I (,.xe,.|,t in tiio ease 
of J>„h,;,n,ph»s puh, <rn,.‘, Kr.); „,,i,.fli d, . 
Hiviiy c(inv«*.v nml without fi-rtJi; timli-r- 
snrfuL -0 of th». iibdotm-n not nlniintlv lle.\pii 

upwiirilK. 

Most hpcoics hrocl in the hast nml e.sor- 
cmlly freeinonl conifora; n few innko lumal 
ohnnibrrs in the H/ip-wood. 


1. JJffhtKlrg paUiiittii, Gyl|. 


Vn; Jfcsrriptmn, 


cddish-brown and covered with lino grey hairs; the fomier 
broader Amu long, strongly constricted in front, densely and 
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coarsely punctured with a narrow median ridge. Elytra with 
rather fine imncturcd strino, the interstices rugose, tuherculatc, 
and with a series of short hairs. 


(h) Lifc-IIixtoni. 

Tlio flight-season is at the end of March and Api-il. 

Coniferous wood in logs, or stacks of fuel, chiefly when damp 
and lying in shady places, arc selected to receive the eggs. 

The newly disclosed hectics api>oar from April or ^fay initil 
•July; they at once pair and produce a new brood, and in July 
new breeding galleries arc found amongst the larvie and pupa', 
of the old brood. 

The second brood of beetles appears 
from the beginning of October, aird 
hibernates in cracks of the bark, moss, 

&c. There are two generations, and the 

species is common and widely distri- 1 

buted both in Britain and on the Con- {1111 ^ 

tinct. 


(,o) lielatioiis to the Forest, lOc. 


The beetle attacks all conifers, but „ , 

1 ^ • , triflmui, J'lilfintiti, (.iyli. 

especially spruce and bcotch pine, and 

only middle-aged and old wood; they also both as larvai and 

beetles damage the bark and bast. 

The primai-y galleries are short and vertical, with a boot- 
shaped bend at one end. They are sometimes forked. The 
secondary galleries are conspicuously long and irregular, often 
crossing one another and extending down to the sap-wood. 
Authorities diifer as to the destructiveness of this beetle— 

Katsebnrg Konig and Kellner consider it very destructive- 
btein tmnKR It.R . ' 


Stein thinks its destructiveness 


over-rated, and EichliolT that it 


only .does secondary damage. 

More „ to it. h.Ht. i. tlici-efe. cllcil fa, 

Th. eoononuc t,«mmt ot tl.i, j. the «„uo m Umt of 

l.tDpograithus,!^. 
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2. llffhifttes afer, Pnyk. 

(a) DrKcription. 

liceth 4 lo 5 mm. long, of slender build ; deon black, with 
brownish-red nutcnuiu and tiirsi- 'J'liornx much -longer than 
broad, parallol-sidcd, closely and deeply punctured, with a 
smooth median ridge. Elytra deeply punctatc-strintc, with 
wrinkled and somewhat tuhercnlntc interstices. 

(b) Ltfr-llistortf. 

This species, and II. ojHiriis, Er., have a similar biological 
history, which is as follows: — They lly in March, April ond 
iMay. Eggs are laid in stumps and roots of the Scotch pine, 
in preference in those of trees felled in tbc previous year ; but 
in the case of 11, atcr, eggs are sometimes laid in young pine 
transidants. 

The larvoj appear in April, and the mother and larval galleries 
then form a confused pattern. 

The newly hatched beetles may first be seen in June, and 
according to Eichhoff they may produce a fresh brood, which 
comes out in October or November. The imagos bibornatc in 
stumps or in plants which the}’ have injured. 

The generation is annual or double, or it may bo biennial 
according to various observers ; it requires further elucida- 
tion. 

(o) lielatious to the Forest. 

This beetle is only hurtful in the imago stage; before the 
middle of June they begin to wander from their breeding ploces 
to the neighbouring plantations and eat the bark of 2 to 6-yenr- 
old Scotch and Austrian pine, and of other species of pine, 
especially at the collnm and on the roots. The needles of tlie 
plants which have been attacked turn yellow and fall' off; the 
plants die, or become so loose in the soil that they can be 
easily pulled up. II. atcr is common in Sritain, and its ally 
H. opacits, Er. is nearly ns frequent. The latter species is also 
recorded from elm and ash. 
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{(1) l^rotciitivi' Jtiili’ii. 

i. Timely luid thorough removal of stumps niul roots, hurning 
of the hark, or thickly smearing nil exposed wood with tar. 

ii. Thorough denning of the felling nren. 

iii. Careful planting, nnd nvoidanec of nil deep plnnting. 

• (e) lii'inetlitti Mriisiirrs. 

i. Burying trap-logs, or laying out hnrk-traps ns against 
TTifhthiits ahiciis, Fahr., p. ‘20o. 

ii. Digging up alt attacked plants with a spade, nnd hurning 
them in kilns with the roots inwards. 


Ku.. nr. 


ft 



a Imago. h Larva. c Piiiu, 



3. IlyUrgvH {Mjielophilm) piiiiperda, L. {The Pine licelh). 
(a) Description. 

Beetle 4 to 6 mm. long; head and thorax black, elytra 
blnckish or dark brown ; antenna; and tarsi rusty red. Thorax 
not longer than its width at the base nnd tapering in front 
shining, with scattered deep punctures, obsolete towards the 
middle. Elytra with fine punctured strife; the interstices 
somewhat ■ granulate, each with a row of bristle-bearinc 
tubercles, absent on the apical portion of the second interstice 
(counting from the suture), which is slightly impressed 
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(li) IJfe-JIintortj. 

Thejliiilit is nt tlic ond of March, April, anti also in Jlny; 
tintlcr favournhle circnmstnncon, again in Juiit* nnd Jnlj. The 
eggs, to tilt* number of 1 00 niitl over, are Initl similarly to those of 
T. tiipograithun, L. on largo Scotch pinos, Ac., and in preference 
on the south-west side of the trees. There is, however, no 
breeding chamber, ns copulation takes place outside on the trees. 
The ? prefers dying or felled timber with rough bark, windfalls, 
stumps nnd broken trees. On standing trees the lower conrsc- 
bnrkcd portion of the stem is selected, ns the brood-gnllcries arc 
entirely limited to the bark. If no old wood is to be found, the 
beetle attacks young poles. 

The Inrvjc hatch in April or jMn}*, in about 12 to 20 dnj's after 
the eggs have hcen laid ; they pupate in .Tunc or the beginning 
of July. 

The beetles appear at the end of dune nnd in .Inly. Some 
later ones may emerge in Angnst. The beetles wbicb develop 
early, in Juno in mild localities, produce a second brood, wbicb 
is ready by the end of August, and attacks the terminal shoots 
of the tree and branches ; those which come out Inter do not 
pair but at oiico commence their destructive work in the crowns 
of the trees. Thus the whole dcvelojiment of tho beetle may 
last from 60 days under very favourable circumstances, to 80 
days. In order to hibernate, the beetle bores into the root- 
stock or roots of standing trees, sometimes into stumps, often 
into the thick bark at the lower pa'rt of the trunk. 

The generation is either single or double. The insect is very 
numerous, nnd widely distributed ; it is common in almost every 
liine-wood throughout IBritaiu. 

(c) Relations to the Forest. 

The beetle generally attacks the Scotch pine, but also the 
"Weymouth and cluster pines and other species of pines. It has 
also been frequently obseiwed on the spruce ; rai’ely on larch. 

It attacks old and young trees, but prefers the former, and is 
\’ery rarely found in woods less than ton years old. Woods 
between thirty-five to forty years old are chiefly attacked. The 
insect does three lands of damage. 
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Pig. 118. 


, and larvfe attack the bark and 

Fii-st of all the h i^^^^gitiidinal galleries, ivith one 

hast. The_ beet straight, hut generally 

to three air-holes, commence with a charac- 

teristic hook - like hend. 
The entrance-hole is usually 
under a hark-scale, and may 
he marked by ejected wood- 
powder or by a drop of. 
turpentine. The larvse eat 
out secondarj' galleries in 
the bast, which branch out 
at right angles to the pri- 
mary gallery, soon becom- 
ing wide, irregular and 
confluent. They only graze 
the sapwood. The pup» 
and immature beetles are 
embedded in the bark, near- 
its outer surface. 

Fio. 119. 




„ . ■ .. 7 „ T, in mnc-barli. Pine-bark with chambers (o). 

Bm■ro^^'s o£ SraK)’ 

^ Characteristic angle near the bcEinning perda, L. ^ 

of the mother-gallery. 

The second and most serious form of damage is done to the 
-onne shoots. The neivly-disclosed beetles of the first or second 
broods, in August and September, bore into the pith of young 
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pine shoots nt u distniicu of 1 to 3 in. from their extremities, 
choosing especially those of sickly or old trees, in preference on 
sunii 3 ow 01 s of woods ; they cat out a bnrroiv about an inch 
iong, ivorking upwards to the buds. The entrance-holes into 
hose shoots are suiToundcd by a whitish ring of resin. The 
eetlo leaves the hollowcd-out shoot cither by the original 
ore lo e 01 bj a fresh hole made nt the end of the burrow, 

and recommences his destructive 
work in another shoot. In these 
galleries excrement is never foiiiul, 
luid thus the action of IT. pini- 
pcnla, li. may bo distinguished 
from that of Jtetinia hiioUann, Schifl'., 
the caterpillar of which also bores 
out Scotch pine shoots, but nlwaj-s 
leaves excrement in the borings. 
Weak side-shoots which have been 
bored break off genei'nlly nt the 
bore-hole, and fall to the gi'onnd. 
Stronger shoots from the crown de- 
velop the suppressed bud's between 
the pairs of needles, which with 
favourable spring-ii eather grow into 
short needles, and give the shoots 
a bushy appearnnee. The height, 
growth and development of the 
ciwvn are thus seriously affected; 

. „ , , *^^0 production of cones boin»r 

materially reduced greatly impairs the success of natural re- 
generation of Scotch pine forests. Pig. 120 shows a hollowed- 

^ounfl*’- ““y te found lying on zhe 

SS Sometimes t«o 

iLs f probably a rare occnrronce. Owing to the 

if repeatedly 

which Tn ^ P™®-b®etle, acquire a characteristic appearance 
7nZ\?7 from a distance. They acq^e the 

form of the cypress instead of possessing the usual dome-like 
shape, and here and there a few side-branches which have been 
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spared may project outwords from the troo (fig. 121). This 
curious aspect of the trees has given to the insect the appella- 
tion of Ilortulanm naturtc (** Waldgartner ” or Pruner). 

Besides the direct damage (loss of increment, diminution of the 
seed-haiTest) inflicted on attacked trees by the reduction of their 
assimilating organs, indirect damage is also done by reduction 


Pio. 121. 



lYeymouth pines, injured by the Pine-beetle in the cemetery at 'Wieseek (near llicsscn). 

of the cover, and consequenl exposure of the soil. As the cover 

of Scotch pine woods is apt to open out even under favourable 

conditions, this form of injury is very serious. 

Exceptionally, the beetles in summer eat out irregular 

longitudinal galleries in the first 5 to 6 years’ growth of shoots 

on vigorous 12 to 15-years-old Scotch pines, but without laying 

any eggs. Altum-^^ states that these galleries, which run partly 

* Ein neuer Sommeraufenthalt von Syl. piniperefa. Ecit&chr. fr. Frst. n. Jedw. 
1879, page 264. 

VOL. rv. n 
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in the bast, partly in the sapwood, are only tised to harbour the 
beetles. 

Lastly the beetle does damage by boring down for 2 or more 
inches to the sapwood of tho rootstock of sound standing trees 
in order to hibernate. If this should happen on a large scale, 
tho trees might die, or at any rate would become sickly and 
attract more beetles in the ensuing spring. 

The pine-beetle prefers forests in flat or undulating countr}', 
isolated trees, trees along the borders of woods, and those which 
have suflercd from fire ; it is also common near timber-depots. 
Like all bark-beetles it prefers windfalls or trees partly uprooted 
by the wind, and sickly trees, but does not exclusively attack 
such trees. 

In a pine-forest on the peninsula of Dares on the Pomeranian 
coast, which had been flooded with salt w'ator on the 12th and 
13th November, 1872, and the trees thus rendered sickly, the 
beetle appeai'ed in such enormous numbers as to completely 
destroy 2,500 acres of the forest. 

(d) Protective Rules, 

i. Timely and frequent thinnings of pine-woods, and quick 
removal of all sickly trees. 

ii. Clearance of the felling-areas, at the latest by the middle 
of April; removal from the wood of all valuable timber with 
thick bark before the beetles emerge. 

iii. Uprooting of stumps and broken trees. If for any reason 
this is not practicable, they must at any rate he barked. 

iv. Pine-woods injured by fire must be felled. 

V. All insect-eatdng mammals and birds must be protected, 
espeoiolly those referred to under T. typograpkus, L. (page 216). 

(e) Remedial Measures. 

i. Trap-trees should be felled from February till September 
so as to keep up a supply of trees which are not too dry for the 
beetles to breed in. Thick-barked trees injured by storm, 
snow, caterpillars or fire should be selected; some of tl-iAm 
should be barked in the middle of May and others at intervals 
of 4 to 6 weeks, and the bark burned in pits. 
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ii. All fitanding trees containing larvas or pupre 
felled and barked and the bark burned. 


should bo 




4. Htflurgtis (JMi/elopltibis) mino}’. Hart. 


(a) Description. 

Beetle 8*8 to 4 mm- long ; closely resembling the preceding 
species in appearance, but with the bristle-bearing tubercles 
continued on the 2nd interstice of the elytra 
up to its apex, as on the other interstices. 

(b) Life-History. 

Season for flight . April and May, about 
8 to 10 days later than the preceding 
species. ^ 

Standing Scotch pines are selected for 
breeding, but as a rule the thickly barked 
lower part of the stems is avoided, and 
the upper portion where the bark is 
thinner is chosen. The young brood 
requires for its development somewhat fresher material than 
in the case of JEf, piniperda. 

The larvEB hatch in June, and pupate in July in a chamber 
made in the sapwood. 

The beetles emerge in July and August, and generally pair 
in the following year. Those, however, which appear early, 
usually produce another brood within the year, as in the case 
of the preceding species. 

Generation single or double. The beetle is found in com- 
pany with the former species, but is rarer, or at any rate more 
localized. In the British Isles it has only been found, and that 
very rarely, in the Bee district of Scotland, but it is so like the 
much commoner H. piniperda, L., that it is probably over- 
looked. 

(c) Relations to the Forest. 

H. minor, Hart, chiefly attacks the Scotch pine, but has also 
been found on the spruce. It prefers poles, but may attack 50 to 

B 2 


Fio. 122. 
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70-years-old trees. The molhcr-gnllericB are large, regular, 
double-armed, and horizontal, with n rather long cntrance- 
bun-ow, and groove the saiiwood deeply (fig. 123). The injury 
which its breeding causes is therefore greater than that of II. 
iyinij)erda, as the circulation of the sap is more endangered by 


Fic. 123. 



Burrows of JI. minor, Hart., on pine sapirood. (AaOtmf sir;.) 


these horizontal galleries. It is not therefore surprising that 
quite sound trees arc lulled by it, or at any rate become stag- 
headed. ' 

The larval galleries are short, not very numerous, and termi- 
nate in a deeply-cut pupal chamber. This beetle, unlike the 
preceding species, is said not to confine itself to the borders of 
a pine-wood, but to bo found deeper in its interior. 

H. minor also bores into the pith of young pine shoots in the 
same way as H. piniperda. 

\ 

(d) Protective Rules, 

As for H, pinijjcrda, but the trap-trees mast have thin, 
smooth bai'k. 
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5. Hylesiiius frost^hii, Fabr. {the Ash ]3ark-J3cetlc). < 

(a) Dcscrijition. 

Beetle 2 to 3 mm. long, short and thickset ; pitchy-brown or 
reddish, variegated with short close-lying ashy and fuscous 
scales, forming a series of irregular trans- 
verse bands on the elytra. Prothorax 
transA'erse, finely granulate ; elytra with 
fine but distinct punctured striic ; logs 
piccous with the tarsi reddish, antcnnnj 
ferruginous. 

(b) Life-History. 

Flight jicriod at the end of April and 
beginning of May. 

The eggs are laid on the branches and 
stems of healthy ash trees, ns well ns on 
dead and felled trees. The larvro hatch in May, and develop in 
July to the perfect insects, which pass the winter in irregulor 
borings in the bark. 

Generation single. Common and generally distributed 
throughout the British Isles. 

(c) Bclations to the Forest. 

The beetle bores into the bast of ash-poles and trees, 
constructing extremely regular, double - armed, horizontal 
galleries, ■with a short enti-ance-burrow (fig. 125, a). The larval 
galleries are short but close together, cutting dcejily mto the 
wood, and are always very regular (fig. 125, b). The pupal 
chambers are in the wood (fig. 125, c). The beetles eat their 
way out- in August, making numerous perforations, so that the 
bark is riddled, as if by shot. Once a tree has boon attacked, 
numerous galleries are excavated in it one over the other. 

The beetle prefers quite sound trees, according to Hess, and 
kills them, but Miss Ormerod says that the damage is chiefly 
done to decayed or sickly trees. This insect also attacks largo 
ash-trees standing in the open, boring down to the bast in order 
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to Iiibei*nate there, and such winter-quarters are generally 
occupied again in the succeeding autumn hy more numerous 
beetles, so that rough, scabrous, rosette-like prominences are 
eventually formed oq. the bark. It has occasionally been 
observed to attack the robinia and apple-trees, but its galleries 
are then vertical rather than horizontal. It may bo laid down 
as a general rule that the smaller the branches w’hich are 
attacked, the more do galleries which are normally horizontal 
tend to become vertical. 


Fio. 125. 



Buetoms of H.fraxinx, Fabr., on ai>b aap^ood. {t^atural ttze.) 
a Matber.gall«ries. i Lairal gaUfitiea. c cbambers. 


(d) Economic Rules. 

i. Selection of suitable localities for planting ash-trees, and 
attention to such rules of management as will keep the trees 
healthy. 

ii. All infested trees should be barked in June and July, and 
their bark and branches burned. 

iii. Trees attacked may be tured. 

6. Eylcsinus vittatus, Fabr. 

Beetle similar to JI. fraxini, Fabr., but only 11 to 2 ram. 
long ; with a white stripe on each elytron extending from the 
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shoulder to the middle of the suture and enclosing a common 
oval dark patch ; it makes double- armed horizontal galleries in 
the elm. 


7. Hylesinns crcnaitis, Fabr. 


(a) Dcaeripfion. 


Beetle 5 to 6 mm. long ; ovate, blackish-brown or black, its 


under surface hairy. 

Thorax tapering in front, dis- 
tinedy broader than long, thickly 
and coarsely punctured ; elytra 
broadest at the middle, obliquely 
and not strongly declivous behind, 
with coarse punctured strite, the 
interstices granulate and furnished 


Fig. 126. 



Syletinus crenaius, Fabr, 


Fig. 127. 



a Entrancc-holc. 
i Motlter-gnllcries. 
c Beetles excavating gallcriob. 
tl Boring InrvHs. 


with short black hairs; abdomen curved upwards towards the 
apex. 


(b) Life-Histoi'if. 

Similar to that of li. fraxini ; but the generation is said to 
be double. The flight-period is at the beginning of April, and 
again in October. When pairing takes place late in the spring 
(May and June) the generation is only single. 
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(c) Jiehtions fo Ihc Forest. 

Tlais beetle ntlncks the nsh nlniosb cxclusivclj', niicl prefers 
large trees with fissured bark. The fcinnlc makes short, slightly 
bent, gciiornlly Iwo-nnnctl galleries. The two arras arc generally 
of unequal length and inclined at an nente angle; sometimes 
only one is present. The Inirnl burrows rim nt first upwards 
or downwards, that is, at right angles to the raothcr-gnllcrics, 
gradually curving and becoming horizontal; they are of great 
length, and are often abruptly bent on themselves once or twice 
in their course. Fig. 127 shows the appearance of a gallery, in 
which boring beetles ns well ns larvae may be distinguished; 
the latter so closcl}* packed that their galleries have coalesced. 
It is, however, hnrdlj' tyiiical of the species. If the $ do not 
lay, they boro simple tunnels, frequcntl}' just under the outer- 
most bark, which then generally splits and flakes off over the 
point of attack. Exceptionally the beetle has been found 
attacking old oak-trees in the Itussinn Chersonese ; the galleries 
ill this case may bo three-armed. 

The attacks of this insect may bo treated ns for ll.fra.rini. 

C. SunrA.wii.Y Scolytini. 

Dcscriiition of Suhfumily. 

This Bub-fnmily contains a single genus, Srolyhis, the species 
of which possess n jirojccting head with n short broad rostrum. 
Antennal funiculus 7-jointed. First tarsal joint much shorter 
than the succeeding joints together, the third bilobed. Elytra 
scarcely declivous behind. Under surface of abdomen flexed 
upwards from the base of the second segment. 

They breed exclusively betw'een the wood and bark of brond- 
leaved trees, and sometimes make very regular galleries, which 
generally cut deeply into the sapwood. Pupal chambers in the 
outer layers of the sapwood. 

. 1. Scolytus destructor, Oliv. {Elm Barh-Bcctle). 

(a) Dc8crlpt{o7i. 

This beetle is 4 to d mm. long, black, with the etytra brown ; 
antenme and legs reddish brown. Front of head and rostrum 
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witliout any cnriua. Thorax broader than long, punctured, the 
punctures becoming weaker towards the middle of its upper 
surface. Suture of the elytra depressed from the base to its 
middle ; their interstices broad, with two 
or three rows of punctures. Third and 
fourth abdominal segments in both sexes 
with a small tubercle. 

(b) Life-History. 

Flight at the end of IMay and June, 
and sometimes again in August. 

The eggs are laid in the bark of elms, 
by preference in sickly trees. dcLictm-, OUv. 

The lai'vce appear in July and the beetles 
fly in August, and at once proceed to pair. The larva) of the 
second broad hibernate in their borings, and pupate in the follow- 
ing spring, generally in the bni'k or less frequently in the sapwood. 

The beetles of this brood come out at the end of May. The 
holes of exit arc about the size of No. 5 shot. 

The generation is usually double on the Continent, and appa- 
rently so in Nngland in warm seasons. But in Britain, where 
the insect is common south of Scotland, a single generation 
is more usual, the larvsB which hatch in May or June becoming 
full-fed at the end of July and remaining in the tree throughout 
the winter. 

(c) Relations to the Forest. 

The beetle attacks old and young elm-trees, and sometimes 
also the ash. 

The mother-gallery is broad, short, ascending and vertical, 
about 2'5 mm. broad, and with 1 to 2 air holes. The secondaiy 
galleries ramify from it at right angles in a fairly regular 
manner, lie close together, are long, sometimes extending for 
more than 4 in., gracefully curved, and somewhat broader at their 
ends than the primary gallery. The pupal chambers when the 
bark is thin are excavated partly in the sapwood. 

This beetle especially attacks elms in the neighboui’hood of 
large towns ; thus in 1842, elms in Eegent’s Park were infested, 
and in 1870, many elm-trees were killed in Berlin. 


Fig. 128. 
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(d) Protective Jittlcs. 

As a preventive measnre, elms in avenues, parts, etc., may be 
smeared vitli Leinweber’s* composition. 

All stems attacked by the beetle should be felled, beginning 
in July, and the bark burned. Trees that have been felled may 
be used as traps, and treated accordingly. 

2. Scolyttts intrictttus, Batz. 

(a) Description. 

Beetle, S — 4 ram. long ; black, with the elytra, antennte and 
legs, pitchy-red, or broum ; the former with close rows of 
punctures, the interstices narrow, closely wrinkled, the suture 
depressed round the scutellnra ; abdomen unarmed. 

(b) Lifc-Iihtorii, itv. 

It lays its ^ eggs on oaks, but otherwise resembles the elm 
beetle in its mode of life. It has, how- 
ever, only one generation in the year. 

It attacks seveml species of oak and 
more rarely the beech, and it prefers young 
stems and branches to older parts of trees. 

Tlie beetle bores a simple gallery ; the 
larval galleries, 80 to 40 ,run partly upwards 
and partly downwards, and are long and 
narrow. The pupal chambers groove the 
sapwood superficially. The beetles attack 
perfectly healthy oak saplings and kill them. 

In the Bois de Tincennes, several years 
ago, about 50,000 SO-years-old oaks were 
killed by this beetle, which breeds freely in oak-posts which 
have not been barked, and are used for fences. 

Care in the management of plantations of saplings, and avoid- 
ance of unbarked wood in palings, are the chief protective 
measures available. 

* 5 IbsL tobacco, mixed with I paiUiil orhot water, are kept hot for Si hoxtrs ; 
the water is then squeezed out of the tobacco and mixed with } pailfnl of 
bnllock's blood, 1 part of slaked lime and 16 parts of cow.diiiig. This is 
kept in an open tub and stirred once a day, and used after fennentation has set 
in. The rough bark, mos^ 4c., is trimmed off the tree, and the latter painty 
with the mixture for three successire day^ until a crust is formed which the rain 
win not wash off 


Fro. 129. 
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Two other species of Scolytiis, S. pruni, Eatz. and S. rujfii- 
losus, the latter a verj' small species, are especially attaclied to 
fruit-trees, plum and apple. Both are locally common in Eng- 
land, and sometimes injurious, hut they are not important to 
the forester. 


Family VIII.— CEBAMBYCiniB 


(Longicohn Beetles). 


Description of Family, 


Longicorn beetles are elongate, and generally of large or 
moderate size, with a cylindrical thorax, often spined at the 
sides ; elytra somewhat depressed, wider at the shoulders than 
the thorax, and tapering behind. 

Antenuic filiform or setaceous, rarely serrate, and always 
becoming thinner at the ends, usually very long, with 11 or 
more joints, the second joint always the shortest. 

Legs slender and long. Tarsi four-jointed, the three basal 
joints flattened and spongy beneath, the third bilobed. 

Abdomen with 5 segments. Generation usually biennial. 

Larvrc soft, white or yellow, usually cylindrical, rarely some- 
what flattened, with projecting broad thoracic segments, of which 
the first at least is furnished above with a homy plate. Their 
feet consist of six minute tubercles, or are entirely absent. 

Pupre fusiform, and recognizable by the long horns bent down 
in a curve from the head. 


Flight-holes transversely oval. 

The larvic generally live under bark and in wood, but usually 
only in broken trees or in stumps; a few species are found in 
beams of bouses. Their attack is of a secondary nature, as they 
bore into trees killed by bark-beetles and other insects, but on 
account of the large size of their galleries, and the quantity of 
bonug dust which exudes, it easily attracts attention. 

r 1? shrubs 

d felltd trees , the females do not make mother-galleries 
Longicorn beetles are rare ns a rule in the British Isles and 
most ol the siiecies found arc small and of little or no economic 
UBportaiico- III tropical countries tbev *nlnv * 

ia .be ofmun 
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1. Sapcnla carcharim, L. (W/r Lan,c Poplar Lounkorn.) 
(ft) Di’seription. 

'vUh mtv 1'^ iT: 

Elvtm n iil. 1 1 T I’""'**- Tlmrnx sliort nnd- cj lindrial. 

Wu. Ir » V posloriorlv ...d 

WlU S “’“'“‘'i-S up to 35 .nm. io 

length, ,utho,it logo, cylmdricol, yc-IIcmh tvlrilc; with the m...- 

I'lii. 130 . and scgincutal 

j Bliiclds broivii, the latter 
on the dorsal surface of 
sognients 53 — 10, and the 
ventral surface of seg- 
ments 2 — 10. 

(b) Ufe^IIistorif. 

SeaconforjUtihi: .Tnne 
and *Tuly. 

The eggs are laid in 
Juno in crevices in the 
bark of ijoplars, cspccialljr 

piugfeL':'"" •«“'‘od wdth o 

The images emerge in June. 

Generation biennial Tim 

parts of Great Britain,' chiefly in the Eastern CoTt“r “ 

(c) Relations to the Forest. 

attacked. Seedlinir-treea nm i- ^ 3 ears old are specially 

«.^3th "‘-w th.^ 

in forced cot of the tre. hp tic gcobc, throogh XtSictS 
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becomes Leaped up at the base of tbe plants. The stem is 
attacked near tbe ground and reacts by developing a argo 
irregular swelling, tbe bark of wbicb is fissured. Sucb perforated 
saplings are easily broken by tbe wind. 

This insect is chiefly of importance 
where poplars are grown in long avenues 
as in France and Germany. Tt is some- 
times associated with Sesia ajiiformis, 

Fabr., and Cossus lujmperda, Fabr. 


(d) Protective Rules. 


be 


i. Poplar-nurseries should not 
established near older poplars. 

ii. Poplar-saplings liable to attack 
may be smeared in June up to 5 feet in 
height from tbe ground, with a mix- 
ture of clay and cow-dung, or Lein- 
weber’s composition (p. 250). This 
treatment is to be recommended for 
nurseries. 

(e) Remedial Measures. 
i. Collection of tbe beetles by sbak- 



Larval barrows of S. car- 
cfiarias, L., in tbo stem of a 
young poplar. 

{Natural size.) 
a Plug of boring dust. 


ing the saplings in June and July. 

ii. Felling and removal of all attacked saplings before tbe 

beetles emerge. 


2. Saperda popidnea, L. {Small Poplar Longieorn). 

(a) Description. 

Beetle 10 — 12 mm. long, black, covered with yellow-grey 
pubescence ; thorax with 8 lines of pubescence elytra with tbe 
median line, and a broad lateral stripe, and three or four spots 
on each side pubescent. Antennae ringed with white. 


(b) lAfe-History. 

Tbe female deposits her eggs in May and June in cracks on 
tbe bark of young aspens, less commonly on other sjiecies of 
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Pig. 132. Fio. 133. 


poplar, sometimes on ivillows. Seedlings of 2 to 6 years old 
and suckers are preferred. 

Generation biennial. The larva hatches in July, bores throngli 
the bark and eats a circular gallery 
round the sapwood. The stem, usually 
one of the smaller branches, reacts by 
forming a gall-like swelling, which how- 
ever is not found on willows. 

In the second summer the larva 
changesits course, boringupwards along 
themiddle of the stem for about an inch. 
The flight-hole is circular and situated 
on the swollen portion. 

This insect is usually found in open 
Buimy places, and is not uncommon in 
the Midlands and south of England. 
It seldom kills the trees, but cripples 
the branches and prevents growth. 
Where it is abundant, hardly a branch 
can be found free from its galls. 



^ Burcon’8 of S, poputnea, L., 
in an aspen twjg. 

_ Pxtenial viov witli two 
flifilit holes. View of in- 
terior with the liirral hnrrow 
opposed. 


(c) Bemedial Measures. 

Collection of the beetles in June by shaking; cutting oud 
burning the attacked branches during the winter. 


Familt IX.--0HHTS0MELn).E (Leaf-Beetles). 

Description of Family. 

Leaf-beetles are smaU or of moderate size, convex and short, 
ol an oval or hemispherical shape. 

^tenuffi filiform, bead-Iifee, or slightly thickened at the ends, 
n-jointed. Legs usually short, strong, sometimes framed for 
jumping; tarsi 4-joinied, spongy below, the Srd joint bilobed. 
Abdomen with 6 segments. Generation simple. 

The laiT® are short, flattened, usually either parti-'coloured 
or blnck, Tvitli 6 legs, the last seg^ment usually a retractile 
process. Tup® thickset, sometimes hanging upside down from 
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leaves. Some species are very injurious, both tbo imago and 
larva eating tbe leaves of broad-leavod trees. 

1. Mclasoma pejuili, L. (Ited Poplardcaf Beetle). 

(a) Description. 

Beetle 10 to 12 mm. long, of an obovato shape, blackish-blue, 
the elytra brick-red, their extreme tip black ; thorax narrower 
than the elytra, its sides rounded, broadly raised and coarsely 
punctured ; anterihaj short, compressed, thickened towards the 

6-leggcd, of a dirty 'white colour, with many black 
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spots, and two white lateral projections on the 2nd and 3rd 
segments. 

Pupa sharply narrowed towards the posterior extremity, 
brownish yellow, with regularly distributed black spots and 
stripes. 

(b) Life-History. 

The season for fligla is in May and June. 

The ? lays her yellowish-white eggs in clusters of 10 to 12, 
in all 100 to 150, on the leaves of young poplars. 

The laiwse emerge in June or July, feed openly on the leaves, 
and if disturbed exude a milky- Avhito fluid, with an odour of 
bitter almonds. 

Pupation takes place in July and August; the pupal hang 
reversed from the leaves by their pointed end. 

The beetles emerge by the end of August, and after October 


J ■f' »»*■ ■•^v _ » ^ 


« .«, *'» 4 * » ■ — J_-,— , , •* •* » 

“ *■ * — f-p Kt^t (7^01 C 

G''ii'.r;ra.cff:r ^ ^ 

''•f fic<= Erf-j.j., r,-r r-‘_, . \ ■‘“l^^'-^r^^'JnaioiLm.nunrEa.'i; 

^ i'l'dii j* rnT^‘f~n7 

Oi* i?*" r7f_f.t *- ,<-j , 

Ti.- f- j-^ . 

P'vLiir^j at J ^ szx^s^ aracEs vorzic 

'i: .o- ' r- ‘ "'~ tat— JTi f ’ci-l 

‘.nrtfr/T, r -»---.„ T ' - - - ^ •’2^,, £_ p, 

r *-*- c-*.* i. x^tj, ^-m. <r - ^ ^ 

ff--" fc‘-&-S«Kn tt^ ~=-p.- ^t^^j=iaE=_-cc- 

0 Z‘ or tin --- 

Tf.- Mtiftfc, I, J.n:n:5;:, 

rd) Prc‘»r;i.-i a, J^i-, 

CoU^etjoa of the W.-F<.a , 

Jnnft, and a-lfe fc 

-V. frcm»1rf, Fatr « '■* Sept€s:eer. 

It f, «,» ,”=“ >”“1= trj« to .w. 

<lt-tro.ri„g4eM!.j,o„„art^.;7 '"■<>- ““ttmes «,=rie:e’j- 

' 7ooDg aspen. 
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(a) Dcgcription. 

“PI’"!- ^1*“ “”'■ 

(b) Z,ife-IIigu,ry^ tCc. 

Ibo beetles come ont in 

places, and i«y cgg^ on thfZ from their sheltering 

billows-, SWi^^.,VnzWia:l, .? Ws of 

on poplars. The imagos and la^/Xct fr* 
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rirlc Mf„ Ormcvv.1, op. cit.. pp. aro to src. 
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Pupation takes place in the soil. The hectlo lives through 
the whiter, hibernating in various localities ; it is found somc- 


Fio, 135. 



Willow beetle anil larva*. 


Eio. 13C. 
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times high up on willows in sheltered places, nn lor the rough hark 
of old pollards, in hollow stems of hcrbacoons 
plants, among the terminal shoots of neighbour- 
ing young pine trees, or on the soil amongst fallen 
leaves and old stumps of osiers. They will also 
hibernate in the heapod-up peel of osiers, which 
should not therefore be left lying about. 

Generation generally single, rarely double. 

This beetle is extremely common and decidedly 
injurious. In 1884, according to Miss Onnerod, 
in osier beds in the Lynim district, near the bor- 
ders of Lancashire and Cheshire, it was estimnted 
that the whole crop of osiers on 50 acres would 
have been destroyed if protective mensnres had 
not been taken. 

(c) Protective Rules. 

i. Dragging across the osier-beds a rope 
weighted in the middle. This operation, which 
should be repeated several times, knocks off the 
beetles, which will lay their eggs on the ground, Injnred willow, 
where they die. 

ii. Sprinlding the osier-shoots with a strong solution of 
wood ashes, or with Paris green (arsenite of copper see 
p. 155). 

iii. Knocking the beetles off the osiers into square tin 

vor.. IV. a 
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vessels containing asbes, bnt this procedure must be done 
repeatedly. 

iv. Collection of the beetles in their winter quarters. 

Traps of bii‘ch-bark, planks, etc., may be put above the 
flood-level ; under these the beetles collect in myi'iads for shelter, 
and may then be destroyed. 
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CHAPTER VII. 

lepidopteha — ^butterflies and moths.*" 

This order is subdivided into Rhopalocera or butterflies, and 
Heterocera, or moths. The former are distinguished from the 
latter by the possession of somewhat rigid slender antennse, 
which are clubbed or knobbed at the tip ; and by the absence of 
afrcmiluin or bristle attached to the base of the hind-wings and 
passing through a loop or retinacuhmi at the base of the fore- 
wings. In the moths the antennse are usually flexible, seldom 
rigid, and are at most thickened towards the apex with no well- 
defined club ; they usually possess & frenulum. 

Butterflies are of slender build, they fly by day and are often 
gaily coloured. 

They are of no importance in Europe from a forest point of 
view, although the larva of Pieris cratagi, L. does much damage 
on the Continent to the foliage and inflorescence-buds of orchard 
trees, as well as species of Sorbtis and Crat<egxi8. 

X 

Heterocera. Moths. 

Family I. — Sesud^:. 

Description of Family. 

Diurnal moths which fly rapidly in hot sunshine. Antennse 
fusiform ; 2 ocelli. Proboscis sometimes rudimentary. Wings 
narrow, more or less hyaline, and resembling those of Hymeno- 
ptei-a; frenulum present. Body stout. 

Generation, 1 to 2 yeai-s. 

Cater 2 nllars cylindrical, yellowish white, with fine scattered 

* The most comprehensive work on the Britisli species of Lepidoptera is 
“The Lepidoptera of the Britisli Isles” by C. G. Barrett, London, 1892 — (in 
progi'Obs). 
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poplars towards the lower part of the stem. The caterpillars 
apj>ear in July and August, pass two winters in their galleries, 
and pupate in May of the third year*, in a cocoon of wood-dust 
constructed inside their borings, near to the gi'ound ; exception- 
ally in the ground when the larva has bored low down towards 
the roots of the plant. 

The images emerge in Jiine, when the empty pupa cases 
may be seen projecting from the stems. 

The generation lasts 2 years. The moth is widely distributed 
and often common among poplars; the injury caused by the 
caterpillars often accompanies that of Saperda carehaiias, L. 

(o) Relations to the Forest. 

The larva bores cylindrical galleries in the wood of poplars, 
especially of the black poplar and aspen. A.s a rule it prefers 
trees less than 20 years old, but is sometimes found in older trees. 
It generally bores low down in the tree, and its attack can be 
recognized by the wood-dust which collects on the ground or 
blocks up the holes by which the moth will emerge, and through 
which the pupa can push itself by means of its spines. The 
injured saplings are frequently broken by the wind. The cater- 
liillar is chiefly injurious in nurseries and avenues. 

* 

(d) Protective Rules. 

Saplings may be smeared as for protection against the poplar 
longicoru. The moths should be caught on the tree-trunks and 
destroj'ed at the end of June. Saplings infested with larvae 
should bo cut dowTi. 


Family II. — Cossid/e. 

Descri])tion of Family. 

Imagos of this family of wood-borers with setaceous or bipecti- 
nate antennae; without ocelli; the mouth-parts rudimentary. 
Body stout, and covered with close short hairs. Flight noc- 
turnal, the wings strong, and roof-shaped when at rest. 
Generation extending over 2 or more years. Caterpillars smooth 
or cylindrical, and Avith a few scattered hairs. Rupee long, with 
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rings of spines on the abdomen, in a cocoon spnn up of chips of 
wood. 

The caterpillars live in the wood of broad-learcd trees. 

1. Cossits ligniperda, Fabr- (the Goat Moth). ^ 

(a) Description. 

Moth with a spread of wing of 66 to 70 mm. ( J ) — 80 to 85 
mm. { ? ). Bod}' stout; head and neck covered with j'ello wish- 
grey hair ; fore-wings marbled with greyish-brown and light grey, 
TOth numerous dark brou-n transverse lines ; hind-wings ashy 
grey, or gre}'iBh brown. Abdomen long and thick, of the same 
colour as the wings, w’ith w’hitish mai'ginal rings to the seg- 
ments. 

Caterpillar 90 to 95 mm. long, mth 16 legs, at first reddish- 
yellow, and later cherry-red, darker above, with a brown head, 
and brown shield on the prothoracic segment; it possesses a very 
offensive smell. Pupa stout, reddish-brow'n, with rings of sborp 
spines on the abdominal segments. 

(b) Life-History. 

The moth emerges in Juno and July. 

The S lays her eggs up to 25 in number in a cluster deep in 
cracks in the hark of willows and other broad-leaved trees. 

The caterpillar hatches in July, and bores into the wood, in 
which, or sometimes in the ground, it pupates in ilay of the 
third or fourth year in a large stiff cocoon with a smooth interior 
made of particles of wood roughly spun together. The moth 
appears 8 to 4 weeljs later. 

Generation, 2 or 8 years. Found throughout Great Britain 
and generally common, at least in the south. 

(c) Relations to the Forest. 

The caterpillars chiefly attack willows, hut also poplars, alder, 
elm, oak, birch, lime, fruit-trees, even the walnut, preferring 
the low'er part of the trunk. The mode of attack resembles that 
of Sesia, but many caterpillars may always be found in the same 
stem, sometimes 200 or more ; they attack not only sickly 




trees, "but tlioroughly sound wood, and prefer solitary trees in 
bedge rows, along forest borders, &c. They are very voracious, 
and tlic wood wliicli has been attacked is useless as timber, 
lufestod trees may be easily recognized by the bad odour due to 
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the caterpillars, and hy the wood-chips thrown out from their 
borings, which are of ■various sizes up to the thickness of a man's 
finger. 

(d) Protective Rules. 

As foir Sesia. Bats, owls, and goat-suokers attack the moths. 

Saplings which have been attacked should be felled, split, and 
burned ^rith the caterpillars they cobtain. , 

2. Zemera tesculi, L. {Wood-leopard Moth). 

(a) Descrqyfion. 

Moth with a spread of wings of 45 — 50 mm. (<?), 55 — 65 
mm. ( ¥ ) ; white with numerous round steel-blue spots on the 
wings and six on the thorax; abdomen long, deep blue ■with 
white rings. Rarva naked, yellow with black warts and dorsal 
shield, 16-legged. Pupa with rings of spines. ' 

(b) lAfe-History, Ac. 

The eggs ai-e laid singly on saplings or branches of broad- 
leaved trees. The larva emerges in August, bores into the 
sapwood in the first year, passes the winter in the stem, and in 
the second summer excavates a gallery running upwards along 
the middle of the wood. In this it passes the second winter, 
eventually pupating under the bark. Generation biennial. It 
attacks many species of trees, maple, ash, lime, apple, birch, 
beech, oak, horse-chestnut, elm, poplars and willows, and has 
even been found in mistletoe. 

It is ■widely distributed, though rarely very abundant ; some- 
times it is rather common and injurious in the neighbourhood 
of large towns such as London. 

Treatment consists in the catting and burning of the infested 
stems and branches. 

Family HI. — ^Bombycidje. 
jjescription of P'amily. 

Antennae short, pectinate in both sexes (simply pectinate in ¥ , 
doubly in tJ ) ; ocelli usual^ absent. Proboscis small and 
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usually funetionless. Wings ample, sonietimos small in pro- 
portion to the size of the hody, roof-shnpocl at rest. Body 
stout and long, generally densely hairy, usually larger in the ? . 
Flight as a rule nocturnal. Eggs frequently laid in clusters, 
and covered with' hairs from the tail of the ? . Catcrjiillars 
usually hairy, seldom naked, with 16 legs. Pujjfc stout and 
short, in a cocoon spun out of silk, often with the larval hairs 
interwoven. 

The caterpillars feed on needles, leaves, &c., and are usually 
very voracious. Some of the most destructive species of insects 
in European coniferous forests belong to this family. 

1. Gastropacha pint, L. (Pine Moth).‘‘ 

(a) Description. 

Moth with a spread of wings of GO mm. ( ) to 80 mm. ? . 
Body thick and stout ; fore- wings whitish or brownish grey, in 
the S "with dark reddish-brown transverse bands, and with n 
long nnicolorous patch, in which is a white lunate spot; in 
the ? the bands and patch are reddish bromi ; the liiud- 
wings in both sexes are rusty bi'own. The colouring and 
markings of the wings vary much in individual cxamx>les. 

The caterpillar attains a length of 80 mm., has IG legs, 
and varies in colour from ash-grey to reddish brown, or 
dark brown; there is a dark dorsal stripe, and sometimes a 
series of lateral white patches. It is hairy with clusters of 
greyish bristles, and possesses on the 2nd and 8rd segments 
from the head two steel-blue bare stripes, which become 
apparent at the second moulting, and are very characteristic. 

Puiia somewhat cylindrical, dark brown, enclosed in an 
elliptic, whitish grey cocoon, which is pointed at both ends, and 
of looser texture near the head of the pupa to facilitate the 
exit of the moth. 

(b) Life-History. 

The moth emerges from the cocoon from July till the end of 

* This destructive pest is fortunately not a native of Great Britain. It nlnvs 
however, so important a part in the literature of Enropenn forestry, and hnl 
often proved so seriously desti-uctivc, that it has been tliouglit desirable not (o 
exdude it entirely from the present transhition, hut to present an nbridjrmcnt 
of Hess 8 account. 
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August. It lays in the second half of July about 100 to 200 
hluish-grey eggs, as large as hempsecd, in clusters of about 
25 to 50 in number, in the bark-crevices of standing Hcotch 


Fio. 140. 
a 



o 

•A 



? 

■A 

Gastropadia pini, L 
a Hale. b Female. 


pines, usually at about the height of a inau, or on the needles 
and shoots of youug pines. 

, The caterpillars hatch after 20 to 25 days, about the middle 
of August. They at once devour their egg-shells, and then 
scatter themselves among the twigs, where tliey begin to feed. 
When about half grown, they descend the trees (in October and 
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l^ovember) to hibernato in moss, dead leaves, &c., nt tlio foot 
of the trunks, and remain there till the next spring (^larch or 


Fio. Ul. 



April), when they climh 
again up the trees. 
Exceptionally they 
may hibernate in the 
bark - crevices. The 
time of reascension 
depends on the de- 
gree of warmth of the 
season and on the 
quarter from which 
the wind is blowing. 

Pupation takes place 
lit the end of June 
or beginning of July, 
either on the needles 
and twigs of the crown 
of the tree, or in the 
larger bark crevices. 

The moth emerges 
in July, about 20 days 
after pupation. 



c Eggs on xiinc-tark. d Mature cntorpillar, 
feeding on tlie nccdlcu of a piiie-&lioot. c Pupa. 
f Cocoon. 


Generation annual; but sometimes irregular when the in- 
sect occurs in great numbers. Very common in Germany. 




I'ROTKcrTION AGAINST IXKKCTS. 


2(kS 


(r) liihllhnx In tltr J'or*'st. 

Tliis iR t!i(> moist «l<“slrnctivo of nil iiisorts to Scolrli piiH* 
forests in >ri<1(lle Huropr, ns it mny njipenr in liirpc snnmis 
throiii'hoiil the stimnicr for suvernl confiecntivi* years, nntl ii 
i*iionnoMsly voraotoiis. The cnterpillar ulso nttnrhs the AtiplTinn 
nnd inonnfniii pines, inifl in case of ffcareity of food, hotli Ibe 
Kprnco and liireh. It jsrefors GO- to 80-ycarfi-old Iroos, but ■\\licn 
nbundnnt it will nttnrk yonnjjer trees, niid thickets of yoon" 
fjroAvth mid idaututionh. 

The nttnek is on the needles. Wlien the eateriiillnrs nre verj' 
yoiiii'' they »imw tlu' hid<‘s only of the needles, hut fnlly-frrown 
eaterpilhirs <at them down to the sheath, usually leavini,' the 
hittcM", find in this manner completely strip the twips. 

Kven the tenninal hnds nmy he eaten. The older cater- 
pillnr.s prefer needles of the previous year. A sinple cnterpillnr 
will cat n needle in G }uiinitc.s, and may destroy in all 1000 
needles. After coinplcto destruction of the needles and buds 
the tree must perish, and us n premonilor of death a few 
clusters of slimted needles, termed ro.settes by Ilatzeburg, may 
appear. 

The trees may recover if, for n i>ole, 200 needles, ninl for an 
old tree 400 needles, still remain green. .\n attack commoneiu? 
in April and lasting till June is the worst, as this nfl’cets the 
formation of wood. An attack generally lasts for 8, occjisionaily 
for 4 years, nud is at its maximum during the 3rd year. 
Irregularity in the development of the insects, and degeneration 
of the ciitciinllnrs, which are largest in the first year and 
become successively smaller and weaker, rapidly ensue. At the 
same time, iiiscct-pnrnsitcs and bacterial diseases become more 
and more active, until the catcriiillars die from theso causes in 
immense numbers. 

This pest is most dangerous in pure Scotch ptiic forests, on 
sandy soils, in dry districts, and in the plains aud hills of 
I^orth and North-enstorn Germany, loss so in tho south and 
west ; it is rni*o in mountainous districts. 

A succession of warm summers favours its multiplication to 
an oxtraordinaiy degree. 
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(d) Protcrtur Hides. 

1. Avoidance, as inncli as possible, of p\irc Scotch pine forest !« 
localities exposed to the nttnebs of Ibis insect. 


I'li;. 112. 


2. Careful seavcli 
for caterpillars, 
cbiefly in Novem* 
ber, -when they are 
hibernating. The 
soil- covering round 
large trees is rabed 
np and searched, 
and if 6 to 8 cater- 
pillars ai*e found 
around a tree, 
measures should be 
taben at once to 
destroy the cater- 
pillars. 

3. Careful man- 
agement of thin- 
nings. This re- 
moves sicbly trees, 
admits the wind, 
which the moths 
dislike, and facili- 
tates collection of 
the caterpillars. 

4. Protection of 
enemies: bats, bad- 
gers, cuoboos, owls, 
goat-suckers, etc. 

Titmice, golden- 
crested wrens, and 
tree-oreepprs de- 
stroy the moths’ 
eggs. A number 
of ichneumon-wasps 

and parasitic diptera attack the larval Pip 1 jq d, 
pita covered b, the pope of Miew,, aster oiaiZs. xT " 



Roscttc-necdle? (a) on Scotch pine, folloviine dcfoliitlon 
by G. pini, L. {Natural thc.f 
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(o) Remedial Measures, 

These nro hvtoflj* : The excavation of Irem-hes iu the gi-oiiud 
to catch the eatorpillars. Trenches nro made for the purpose 
of either isolating attacked areas, or to catch caterpillars within 
the infested wood. 

Collection of effffs, h}’ scraping them from the trees ; but this 
method also destroys many ichneumons. 

Collection of cateijiHlars, — ^This is undertaken either after 
November, or by shnldng tho trees in Augnst. 

This method is less cflicacious than smearing girdles of tnr 
on the trees, ns nt Ictist half tho caterpillars escape. 


Pm. 143. 



•A 

C.iterpUIar of the Pino Moth covered with Mierognslcr cocoons. 


Collection ofpvpee, — ^In June and July. 

Collection of the ? moths, — ^This is carried out in July in tho 
morning and on cold wet days before the eggs arc laid. 

£y this means ichnoumons are not destroyed. 

Girdling the trees tcith grease-hands. This is tho best and 
safest method to adopt when the insects have appeared in large 
numbers. It was first employed in Silesia in 1829 against 
i. monacha, L., and only iu 18GG— 7 at Gliicksburg, against the 
present insect. 

The details necessary to ensure success by this measure are 
carried out as follows : — 

The woods which have been attacked are thinned, in order 
that tar may not be wasted on suppressed stems; all under- 
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m-owtli wliicli might Borvo ns bridges for the cntcrpillnvs is 
cleared a^Yay. 

The coarse hark is removed from the pines in rings 10 lo 
15 c.m. broad, in order to present a smooth surfaee for the Inr. 
Care is taken not to injure the bast. 

The smooth places are covered -with a horizontal band of tar 
or grease 6 to 8 cm. broad in Eebrunry or the beginning of 
March, and this operation is repeated at intervals of G to 8 days, 
or again in April, when the former application has become 
too dry to catch the insects. 

Bntzebnrg has distinguished exj)erimcn1al taiTing from ricncral 
tarring. The former is used on lines of trees here and there 
throughout a wood, where a severe attack is feared, and if 
5 or 6 caterpillars are caught on each tarred tree, then a 
general tarring of all the trees is undertaken. There is however 
a danger that the general tarring may come too late, and it is 
recommended to try the experimental tarring in the autumn, 
and if a general tarring is sheum to be necessary, to take 
all preliminary measures for it during the winter. The 
best tar is made from pine roots and stumps ; it should bo of a 
cherry-brown. colour and possess a proper consistency, be neither 
too thick nor too thin, and must be put on cold. Coal-tar must 
not be used for this purpose. 

Certain compositions are also used which are superior to tar, 
such as tar mixed with 9 to 15 per cent, of resin, or 9 to 11 
per cent, of acetic acid. For similar purposes in England, grease- 
bands are made of “ cart-grease ” or mixtures of Stockholm tar, 
unboiled linseed-oil, &o., &c. 

In order that a composition may be really useful for this 
purpose, it must combine cheapness with prolonged stickiness. 
A thick coating should always be used, or else the substance is 
absorbed by the bark. 

The quantity of tar used and the cost of painting the rings 
varies with the age of the woods, and in Prussia averages 40 to 
60 lbs. per acre for old wood, and 50 to 60 lbs. per acre for young 
wood, the average cost in either case being 6s. and 9s. Gd. per 
acre for tar. 

In 1878 in Plietnitz in W. Prussia, 45 millions of caterpillars 
were destroyed by means of tar rings, at a cost of 7s. per 10,000- 
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catei'pillars. Iii woods under 60 years old the hibernating 
caterpillars were collected at^ a cost of 20s. per 10,000. The 
value of the annual increment of wood saved was 8s. per acre, 
as against 7s., the cost of the tar rings. 

The efficacy of the tar rings is less interfered with by frost 
than by great heat, as the latter easily melts it and causes it to 
run doAvn the tree. Most of the caterpiUars which attempt to 
cross the rings adhere to the lower part of them ; but about 
3 per cent, of them, chiefly the larger ones, manage to cross the 
ring, although of these about 69 per cent, soon die from the 
effects of the tar, so that only 1*2 per cent, of the whole number 
really survive and pass the rings. 

The caterpillars whose way to the tree-crowns is thus cut off, 
retui'n to the ground and try to find their way to other trees ; 
they are therefore prevented from so doing, by isolating, by 
means of trenches, the wood containing the tarred trees .from 
other woods which have not been so protected. 

Catcrinllars infested by ichneumons, or fungoid diseases, may 
be introduced amongst those which are healthy. '' 

In cases where the attack is very bad, but only localised over 
a small wood, the soil-covering is burned whilst the caterpillars 
are hibernating, or even the whole wood is burned, measures 
being taken in both cases to protect the adjoining woods from 
the spread of the fire. 

Robert Hartig, in 1871, experimented near Eberswald on the 
effects of the different methods of protecting the Scotch pine 
from these caterpillars, w’ith the following results : — 

The collection of hibernating caterpillars, as long as the moss 
and dead-leaf covering is replaced in position, has no influence on 
the grow'th of the tree. 

The jarring of young trees in order to knock off the cateipillars 
involves local decay in the bast, and consequent reduction of 
increment. 

Tarring docs not hurt the trees in the slightest degree. 

2. Bomhyx neustria, Li. {Laclccy-Moth). 

(a) Descrijitioii. 

Moth with spread of wings of 30 to 40 mm. Body and fore- 
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wings ochreous-j'ellow or rod-lurown, the latter traversed across 
their middle by a darker band which is bordered by pale stripes ; 
hind-wings somewhot lighter, crossed by a vague darker stripe. 

Caterpillar extending to 45 mm. in length, with 16 legs, 
marked with alternate stripes of blue, reddish-brown and white, 
thinly covered with long hairs, head blue ■vs’ith two black spots. 

Pupa bluish-black, covered with short hairs, in a yellowish- 
white thick cocoon. 

Fig. 144. 


a 



Sombyx neustria, L. 

a Imago ( d ). h Egg-ring on a twig. c Larva, d Pnpa. 


(b) Life-History. 

The moth appears in July and August, flying in the evening 
and resting during the day in sheltered places. 

The $ , about 8 days after pairing, lays from 800 to 400 
brownish-grey eggs in a close spiral, forming a cylinder round a 
young shoot. 

The caterpillars hatch in April or the beginning of May, and 
live socially in companies of 50 to 100, until they are full grown. 

VOL. IX. rn 
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in wob-nests spun by tbeir joint labours, and increasing in size 
as they grow up. They leave these nests to feed on leaves, return- 
ing to them in wet weather or by night. In fine weather they 
are fond of sunning themselves. When disturbed, they let tliem- 
sclvcs down to the ground by threads, or after hanging some time 
in the air, draw themselves up again. 

When full grown, in June, they disperse, and spin cocoons 
among the leaves’, or in hark-cracks. 

Generation annual ; the insect is very common over the 
greater part of Europe and in England. 

(e) Itclations to the Forest. 

The caterpillar is found on many trees, especially on apple 
and other orchard trees, and on oak ; also on elm, hornbeam, 
poplars, willow's, thorns, briars, &c. Its attack commences on 
the blossom and leaf-buds, then extending to the foliage, and lasts 
from the end of April till the beginning of June. It is chiefly 
important in orchards, to w'hich it does immense damage. 

(d) Protectire JRnles, cC-c. 

i. Protection of enemies, notably titmice, the golden-crested 
wren, the cuckoo, finches, &o. 

ii. Pruning and burning twigs bearing the egg-rings during 
the winter. 

iii. Destruction of the young caterpillars in their w'ebs by 
crushing with gloves, or short brooms, or by cutting off the webs 
and letting them drop into a pail containing paraffin. These 
remedies can bo economically applied in orchards and tree 
nurseries only. 

8. Dasyehira piidibunda, L. (Pale Timoel: Moth). 

(a) Description. 

2Toth with a spread of wings of 45 mm. (<?), 50 to 60 mm. 

( S ). Fore wings whitish-grey, spi-inkled with darker spots and 
with 2 to 8 narrow grey-brow'n transverse woved lines ; abdomen 
and hind'-wings somewhat lighter, the latter with a faint greyish 
bond ; ^ darker and more spotted than the $ . 

Caterpillar, when matui'e, about 40 mm. long, with 16 legs. 
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at first grociiisli yellow, later liccoming roclclish or brownish, 
hairy, with four truncnlocl tufts of yellow or brownish-grey 
bristles on the 4th to the 7 lb segments, separated by black velvety 
bauds, and with a rose-red pencil of hair on the last segment. 

Pupil thiek-set, dark brown, covered with short grey hair, in 
a yellowish-grey cocoon spun up with the larval hairs. 

(b) TJfc-lIiiitorii. 

The moth appears at the end of ^lay or bcgimiing of .Tune. 


Pio. 145. 



Dasychira pndiltiunla, L. 

a b Fenialo. c Cat«r|iilliir. tl Piipa (ilop.!il stirfiico). 


In June the female lays about 100 to 150 blnisli-groy eggs in 
a cluster on the bark, generally low down, at about 1 yard from 
the ground, but often a few yards up, sometimes on twigs or dead 
wood on the ground, or oven on grass or herbage. 

The caterpillars hatch after 3 weeks, in Juno or July, make 
their first meal off their egg-shells, and remain a short time in 
clusters, ndth their heads usually turned inwards; about the 
middle of July they separate and wander towards the crowns of 
the trees, coming down to pupate in September. 



276 


PROTECTION AGAINST INSECTS. 


Papafcion occurs at the end of September, or in October, 
usually under dead leaves, dead faUen wood, &c., on the ground. 

in e bark-cracks of oaks, Scotch pines, «fec., or among herbage 
on the gi-ound. ' ° 

The generation is annual. 

The caterpillar is veiy hardy, and withstands snow and cold 
well. 


(c) Relations to the Forest. 

The cateipillar lives singly on almost all forest trees, even 
conifers, hut has only been observed in abundance on the beech, 


Pig. 146. 



Beech-leaf, eaten hy the larva of O. 
pndilninda, L. {Natural tize.) 


Fig. 147. 



O.'ih-Icaf, strippeil by 
the lari-a of J>. pudt- 
hiinda, L. 

{Naturtd six.) 


and occasionally on the hornbeam, oak or alder. It prefers di^* 
sunny elevated places, and avoids valleys. It has often been 
noticed that an attack commences simultaneously at several 
points of high elevation, from which it spreads in all directions. 

It prefers 10 to 80-year-old woods. The foliage is at first 
only skeletonised, but after August the leaves arc almost entirely 
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eaten' and fall to the ground in thousands after the caterpillars 
have bitten through the petioles. 

In the case of the oak, the petioles and mid-ribs remain. 

The damage done consists in loss of increment, and reduction 
in the production of seed, as fewer flower-buds arc developed ; 
the quantit 3 f of beech-mast is much diminished, and the nuts 
are often empty. 

This is highly prejudicial to beech forests under natural 
reproduction. 

The insect prefers southerly or south-westorlj'- aspects ; it 
is very common in North Gcimanj', France and Belgium 
(Ardennes), being found at altitudes up to 1,300 feet above sea- 
level. It is tolerably common in Great Britain, but is seldom 
destructive, except in hop-gardens. 

(d) Protective Unlca. 

i. Beech may be grown in mixed woods of conifers, oak, 
maple, &c. 

ii. Protection of enemies — crows, jackdaws, cuckoos, thrushes, 
finches, titmice, &c. Ground-beetles and ichneumon-wasps arc 
very eSicacious, and a spider {Epeira, sp.) has been observed 
to be extremely destructive to the insect. A fungoid disease 
due to Isaria farhiQsa, Fries, is also common. 

(e) Remedinl MeasiircH. 

i. Collection or destruction of caterpillars (end of September 
— ^beginning of October), as they come down the trees to pupate. 

ii. Collection 'of pupaa in the winter. 

iii. Girdling the trees with gi-easo-bands at a height of 1 to 3 
yards. This method has given fairly good results in the Ebers- 
wald. On 3 acres about 500 caterpillars per tree were caught 
at an expense of 11s. per acre. Unfortunately most of the eggs 
had been laid above the bands, and the eventual destruction of 
all the foliage of the trees was onlj' delayed.* 


Dasychim thwaitesi, Moore, is very destructive to folin^jc of tlie stil [Slmren 
robusta) in Assam, and occurs in enormous numbers over very extensive nioas 
It also attacks the leaves of tea shrubs. Indian Museum Notes, vol. I, 29. 
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■J. J’orthenia ehri/mrrho'n, L. {Jiroivu-tail Moth), 

(ft) Dem'ijithji. 

Mothf with a Bpvond of wiiij? of HO to ‘ 10 ^ 111 ) 11 /* AMiifc: the 
inner ninff^ins of the wingB fringeil with long liairB ; forc-winps 
in the (J UKunlly niftrln’d with small hind: sjiots nhont the middle 
nnd towards the tiunl angle. Abdomen brown towards the lip, 
which is ftivnished in the J with a tuft of dark-brown down, 
thicker and red-brown in the ? . 


i icj. ns. 
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// ' 1 /( Ki , ^^^1 1 , 1 ) ' 


PorIJiraia ihru'orrliva, I,. 
a Mnic. h Female, c C.i(^n>ill.'>i-. 



it rui«. 


Caterpillar 85 nim- long, IC-legged, with radiating tufts of 
long yellowish-brown hairs, browiiish-groy above, with 2 red, 
slightly- zigzag lines along the back from the 6th segment 
towards the tail, and 2 vermilion warts on tho 9th nnd 10th 
segment, gi’ey beneath, with yellow spots and streaks. 

Papa dark brown, hairy, with pointed tail, in a brownish-grey 
cocoon. 

(b) IJfe-JIistorp. 

The moth appears at tho end of June and in July. 

The 9 lays 200 to 800 brownish-yellow' eggs on the lower 
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surface of leaves of many broad-leaved trees, and covers them 
with the dense fluff from her tail. 

The caterpillars appear 2 to 8 weeks later, usually in August 
and at once spin weh-nests among tho neighbouring leaves. In 
the autumn they spin large caterpillar-nests, as big as the fist, 
in which they hibernate, binding together many leaves with 
their threads, and thus forming chambers which they line with 
silk and fasten firmlj* to the twigs- 

Pupation takes place in June in a thin greyish-brown cocoon 
between leaves. 

Generation annual. This insect is common, but rarely appears 
in great numbers. In the Berlin Zoological Garden they 
destroy tho foliage almost every year. It is less common in 
Britain than the closely allied P. stmih’s. Fuss, {aurijlna, Fabr.) ; 
an insect of similar ai)pearance, bnt Avith the abdominal tuft of 
down golden-yellow. It resembles P. chrijKorrhu'tt in habits, 
and especially attacks hedgerows and orchard trees. 

(c) Relations to the Forest. 

This insect is polyphagous ; the caterpillars are found on 
pear and plum trees, on oak, white-thorn, and also on beech, 
elm, maple, hornbeam, willows, poplars, roses ; even on robinia 
when nothing else offers. 

The caterpillars, enclosed in their common wcb-iiest, first 
gnaw the upper side of the leaves. Next spring, after re- 
newing their nests, they feed on tho buds and young leaves, 
and later, on the blossoms and fully developed leaves, except 
the petiole. In this way, tho fruit is considerably reduced in 
quantity, if not entirely destroyed. Uii to the middle of May, 
in bad weather and also during the night, they retire to their 
nests. After the third moulting, at tho middle or end of ^lay, 
they abandon their nests, and wander among the trees to 
feed. 

The crowns of the trees which are attacked begin about the 
end of ‘August to look as if they had been singed by fire ; 
later, the woods become more or less completely defoliated. 
If defoliation takes places before Midsummer a second foliage 
may appear. 
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(tl) Protect ire Jitiles, 

Protection of ciiGmics. Titmice and the cuckoo are vciy 
UBcfnl. 

Cutting oiT the catcriiillar nests \rith shears, and hurtling them. 

Collecting and killing the caterpillars in Ma}’, and the pap.G 
in Juno. Caro must he taken to protect the hands against the 
hairs, ’(I’hich cause inflammation. The above measures should 
he adopted for orchard and nvenne trees. 

Lijwrin mouacha, L. (Black Arches, or Niin Moth), 

(a) Description. 

The moth has a spread of wings of 40 mm. (<?), up to 50 mm. 
( ? ). Fore-irings white, with man}’ black zigzag transverse lines 
and jiatchcs, hind-wings light grc}' ; abdomen with broad, rose- 
red bands, separated by black bands, which are very well marked 
in the $ . 

The caterpillar is 40 to 50 mm. long, with 16 legs, hairy, 
tapering slightly towards the tail, reddish-grey above and 
greenish -grey below; with 6 bluish warts bearing tufts of long 
hairs on each segment, and on the Gth a velvety-black heart- 
shaped spot. 

The pupa is at first greenish. Inter dark brown, with a bronze 
lustre, and covered with shaggy hairs. 

(b) Life-Histoi'y. ' < 

The moth appears in July and at the beginning of August, 
and may exceptionally be found till the end of September. 

In the month of August the ? lays about- 150 oggs of a 
reddish-bronze colour in gi'onps of from 6 to 60 in bark-cracks, or 
among the mo.ss and lichen of large poles and tree stems, pre- 
ferring Scotch pine, usually at a man’s height from the ground. 
Later the eggs become of a pearly grey colour, and hibernate 
without any protective covering. 

The catei-pillars hatch at tho end of April, or the beginning 
of May. They remain for a few days (2 to 6) in small groups 
near their hatching place, and then ascend to the crowns of the 



■LIPAKIS MOKACIIA. 


•281 


trees. Until tliey arc half-grown, they are able to ^^t tbcmselvcs 
np and down by threads should they be disturbed. icy cco 
full -rown by the end of June, or the beginnii^g of Jiilj . on 
vounsT they are rather sensitive t'o changes ot weather, and aic 
'easilf blown down by the wind, and may then fall on to young 

forest growth. 





Pupation takes place at the end of Juno or the beginning of 
July, and the pupaj may be found fixed by a few threads in bark- 
cracks low down on the stems, also on needles of low branches, 
and even on undergrowth. 

The moth emerges in 15 to 20 days after pupation, the active 
appearing a few days before the ? . 

Generation annual. The insect appears sometimes in truly 
formidable numbers. The moths are very active, and may fly to 
-oug distances in swarms, but usually remain localised. 
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L. monacha is tolerably common in many localities in Britain, 
cbiefly in tbe S. of England, but is not* generally regarded as an 
abundant insect. It is rare in conifer-woods and, consequently, 
seldom if ever destructive ; its usual food-plant appears to be 
tbe oak. Indeed most Britisb lepidopterists seem to be unaware 
that it is a conifer feeder. 

(o) Relations to the Forest. 

This species attacks all conifers, but prefers the Scotch pine 
and spruce, and tall poles and bid trees of these species to 
younger ones ; it also, howuver, attaclcs young grow'th and also 
broad-leaved tiucs, such as beech, hornbeam, birch, oak, orchard 
trees, least of all the ash and alder. In cases of scarcity of 
other food, it will not disdain low shrubs. 

The caterpillars devour the needles and buds. "Wlien young they 
bore into the tender shoots, causing them to wilt; the older Inrvfe 
attack the fully formed needles, and in the case of spruce, cat 
them from the apex downwards. They feed on Scotch pine in a 
most wasteful manner, biting oft* the tops of the needles and 
letting them fall to the ground, and only eating their lower 
portions. The quantities of half-eaten needles lying on the ground 
then betray the presence of the enemy. 

In high coniferous wood the oldei' needles are preferred to 
the younger, and the attack spreads downwards and outnurds 
from the summits of the trees. Among young growth, on the 
contrary, the young shoots are eaten first. If the attack is 
extensive, and towards its end, the caterpillars return in swarms 
to the summit of the trees and eat off all the younger shoots. 
Bepcated observation has proved that these caterpillars are all 
sicldy and 'eventually die, and inside them a great variety of 
parasites is found. 

The attack lasts from May till July, fond is repeated for about 
3 years. In the 2nd or 8rd year it culminates, and complete 
defoliation may kill the w^hole w'ood. The spruce is more sensitive 
to the attack than the Scotch pine. The latter may recover the 
loss of half its foliage. 

The process of recovery in the spruce is shown in Pigs. '150, 
lol, which represent portions of ti'ees attacked in Silesia during 
1855 and 1856. The length of the intemodes was least in 
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lipahis monacha. 


IR^SR the normal erowtli not heing resumed till 1861 , and a 

SoSis: groA o£ ^^tea “ 

J" the -mn- during the Present cen^ry 



Qhnnt wltll fl Irttcrrtl l)rJVTlcll ^ - w - - 

^ f n ‘Snrncc-fir wliicli hail Ijcen htrirpcd by Zi>a>-i» Monncfta, b. 
r • • IS'.G ■ vpoduction of short giowtli, 1857 ; of brUtle-needlca, 1858 ; 
Dale of ^8' ’1 j nearly normal grotytli, 13G0 ; of normal giowtli with 

of short Rion-tii, l . 


Leading shoot (lopped) 


ot soon a 

lateral doiiuant buds, 1801 


dmin" 1853 — 1858 in East Prussia, Lithuania, and 
pXnd • iiri853 a hark-hcctlc attack followed, and the calamity 
onlv slopped in 1860. From the 29th July, 1853, to the 27th 
.Tunc 1855, in the Eolhebudo Forest, where the attack com- 
menced, 6,375 acres of forest were completely stripped of needles. 
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and about half as mncli more nearly stripped. Tbo larval 
aroppmgs covered the gi-ound to a depth of 6 to 8 cm., in 
many places to 15 cm., and kept falling to the ground with a 
sound like heavy rain. Up to the 1st October, 1802, 81,300,000 
cb. feet of wood were killed, of which 80,823,000 cb.’feet by tbc 
Nun, and 487,000 cb. feet by bark-beetles. The ravaged area 
exceeded 21,000 acres, and in East Prussia, between 1853 and 
803, over 407,000,000 cubic feet of wood had to bo felled, 
■p whilst 207,000 acres were 

' devastated. 

The damage done in the 
neighbouring Bussian pro- 
vince was still greater, and 
it has been computed that 

/ by the Nun and bark-beetles 

J \ 0,400 geographical sq. miles 

\ A forest in Kussia, and in 

Prussia GOO sq. miles, alto- 
gether 7,000 sq. miles of 
forest, were destroyed, and 
at least 0,427,500,000 cb. 
feet of timber killed. It 
was noted as a curiosity that . 
the manuring of the forest 
soil by the dung of the cater- 
pillars, and the O2)ening-out 
of the woods, produced such 
tlno i teavy growth of gi-ass that 

antlers nf ’ greater abundance of provender, bore 

antlers of unusual size. 

proved very destructive in 
/ 1 - campaign 

against It amounting to as much as £ 100 , 000 . 

eatthf*r^“^r cateipillars frequently 

to the remaining portion fall 

whilst 

leai-stalk bemg usually untouched (Fig. 162). 

The attack is never fatal to broad-leaved trees. 



Beech leaf eaten by a cateirHIar of 
A. tiumac/ia, L. 
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(d) Protective Rules. 


Fig. 153. 


i. Avoidance of pure spruee or Scotch pine woods and intro- 
duction of suitable species in intermixture •with such woods. 

ii. Thinning . — ^By careful thinning fu- 
ture remedial measures are facilitated, and 
a better control over the collectors of eggs, 
larvte or pupie is maintained. 

iii. Protection of enemies: bats, cuckoos, 
woodpeckers, crows, starlings, titmice, 
golden-crested -wren, &c. The two latter 
are extremely useful in destroying the 
eggs throughout the winter. The ground- 
beetles, Oarabus glahratus, L., and Galo- 
soina sycophanta, L., are also very useful 
on the Continent, the larvie of the latter attacking the moths' 
eggs, and the beetles the caterpillars. Many ichneumon-wasps 
and Tachince attack the caterpillars, for instance, Tachina 
monachee, Batz., T. phalcenaram, L., &c. 



Biroll leaf oaten by the 
caterpillar of Z. monacha, 
L. 


(e) Remedial Meastiros. 

i. Collection and destmetion of the eggs by fire from autumn 
till the middle of April. The piece of bark on which the eggs 
are laid is removed, and the eggs scraped off with a Imife into 
a bag furnished with a wooden funnel-shaped mouth. The 
stems are cleared up to 16 feet high, preferably by day-labourers, 
at first on foot and then with a ladder, and the woods in which 
many moths have been observed should be first treated. This 
treatment is easier in smooth-barked pole-woods of spruce tlmn 
in older woods with rough bark. 

One gramme-weight of eggs contains about 1200, and the 
cost of collection is about 3d. to Is. for 15 grms. In the winter 
of 1839-40, in the Biesenthal forests near Eberswald, 10 tons 
of eggs were collected. The eggs should be burned in small 
lots, as otherwise they explode like gunpowder. 

ii. Killing the clusters of newly-hatched caterpillars in April 
and May by means of cloths, brushes, or by rubbing them 
with moss, sods, &o. Great care must be taken to seize the 
proper moment for this operation, and a delay of only a few 



£SG 


PKOTECTION AGAINST INSECTS. 


days may prevent its being done. The cloths, &c., nsed may 
bo soaked in tar to render theh’ action more efficacious. This 
operation is also best done by daily labour, but under careful 
super\’isioii, one overseer being appointed for every 20 to 80 
•workmen. One man should be able to work over 6 to 8 acres 
per diem, and the most suitable place to work in is among 
young poles, where the caterpillars can be readily seen, and 
are not too high up the stems. 

iii. Collection of caterpillars and pupa, commencing in June. 
Small caterpillars ai‘e usually collected in young groniih, on to 
which they have been blown ; later on, when they have ceased 
spinning, they are shaken down from the poles. It is preferable 
to collect the pupae. 

iv. Collection of ? moths from the beginning of July. This 
should be done as soon as they emerge, and in the earliest 
hours of the morning ; it gives the best results during cool weather. 
A cloth may be covered with odhesive matter, and used to daub 
the insects. 

It is not yet fully decided whether this measure is very 
effective or not, some authorities, such as Altum, ranking it as 
the best to be adopted, and others, as Katzeburg, considering it 
as almost useless. 

In the forests near Ebevsdorf in Beuss-Greiz, between the 
26th June and the 12th August, 1868, 600,000 ? were de- 
stroyed at a cost of £270. 

V. Trenches are usually of li'ttle use. Smearing the stems 
in winter from the ground up to the large branches with a mixture 
of lime (i bushel), soft soap (8 lbs), potash (^Ib), clay and cow- 
dung destroys the eggs. This method can only be used for 
orchard trees. 

vi. The application of grease-hajids about 2 in. wide at a 
height of 16 to 20 ft. from the ground, above the places 
where eggs are laid. This should be done at the end of March 
or April, and the bark here is sufficiently smooth, and requires 
no preliminaiy scraping. The rings are smeared by means of a 
broad brush fastened at right angles to a long pole. This has 
in many cases proved an excellent remedy. The little cater- 
pillars remain sitting in thousands below the rings, which cut 
off theh' way to the croams of the trees. The composition used 
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should retain its fluidity for some time, hut need not be very 
sticky, as the caterpillars to he caught are so small. 

Of all the remedial measures discussed here, this, and killing 
the caterpillars before they ascend the trees, are the most efiective. 
Ljivge flres lighted at night in the forest to attract and burn the 
moths have failed to do any good. In 1890, in the Bavarian 
forests the moths were attracted by electric lights to the mouth 
of a large funnel into which they were sucked by an e^iaust 
current of air produced by steam power. Large numbers were 
collected by this method, and killed, but it cannot be stated 
■whether the utility of this proceeding is commensurate with its 
expense. 


Fasiilv IV. — NocTuiDiE (Night Moths). 

Description of Family. 

Moths with long, setaceous antennee, usually covered -nuth fine 
hairs, and sometimes pectinate in cj ; ocelli present ; proboscis 
long ; -wings narrow, during repose roof-like or level ; frenulum 
present. The markings of the fore-wings are usually character- 
istic and take the form of three or four transverse lines of which 
the second from the outer margin is elbowed, and of three spots ; 
two are situated near the anterior margin, the outer being 
kidney-shaped {reniform stigma), the inner circular {orbicular 
stigma) ; the third is elongate, and is beneath the orbicular 
spot {claviform stigma). These markings aro constant in posi- 
tion, but some or all of them may be absent. The body is 
thick, and usually covered with down ; the head surrounded by 
a collar. Flight nocturnal or during twilight, hardly ever by 
day. 

Caterpillars usually bare, rarely hairy, commonly with 10 
prolegs, sometimes with 8 or 6. 

Pupation of the bare caterpillars generally takes place in the 
ground, in a cocoon made of grains of sand bound together by 
a few threads. The hairy caterpillars spin a cocoon above 
ground. Pupa usually slim, spindle-shaped and dink coloured. 
Many of the caterpillars live on woody plants, eating needles 
and leaves, but the majority of them feed on grasses and low 
nlants. A few species are highly injurious to forests. 
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1. Panolis 2 )iinpcrita, Pnnz. (Pine Jicnuiy, or Pine Koctiia). 
(n) Desrription. 

2[oth uitb n wiiig-cxpauso of 85 niin. ; fore-wings russet-red 
iniirblcd with grey ; orbicular and rciiiform stigmata 3 ’ellowish- 
wbite, coiijoincil, tlio latter large, oblique and produced towards 
tbo tip of tbo wing ; bind-Avings and abdomen grcj’isb-broAVii. 

Caterpillar 40 mm. long, with 10 legs, almost hairless, of a 
j'olloAvisb-greon, AA'ilh 3 or 6 wbitisb-colourcd stripes and a 
ligbt-browu bend. 

J^uj)a somoAvbat elongate, of a bright brown colour, with tAvo 
spines on its tail. 

Fh!. 151. 



M 1 Pivnr. (.VoOiw/ mre; fip. c cnkiBwl.) 

a .Alnle. 0 Fcinnlc. c Epps on a pine-nccillc. rf Caterpillar, e Pujia. 


(b) Life-History. 

The moth appears from the end of March to the be«nnning of 
May. 

The S lays 30 to 70 round, dull-green eggs on tbo needles of 
old Scotch pines. 

The caterpillars butch out in May, spin freely ivhen young, 
and are fully grown by the middle of July. 

Pupation takes place at the end of July or beginning of 
August, under moss, dead leares, on or in loose earth, usually 
under the cover of the tree on which the insect feeds. The 
pupae are sometimes found in colonies, in the holes Avhence 
stumps, etc., have been extracted. 
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Generation annual. The caterpillar sometimes appears in 
enormous numbers, but is susceptible to changes of the weather. 
It is tolerably common in pine-woods throughout Great Britain. 

(c) Relations to the Forest. 

The caterpillars attack chieflj’ the Scotch pine, especially 
when 20 to 40 years old, but in case of necessity it may fe6d on 
older trees and other conifers, such as spruce, We3'mouth pine 
and juniiier. 

"When young the caterpillar, according to Ratzeburg, bores 
into the bud-sheatlis of the spring shoots, which thus become 
brown, Avilt and die. Later on the needles are attacked, beginning 
with their edges, and finally they are entirely devoured, usually 
on the lower branches, but also high up in the crOAvn. The 
attack lasts from May till July, but is not so destructive as 
that of Gastropacha pini, L., as the Scotch pines, even if exten- 
sively stripped by it,’ usually form new buds and recover. One 
should therefore await results before felling Avoods that have 
been completely stripped of needles. Only when the fatal 
rosettes of needles (fig, 142) appear is the death of the trees 
imminent. The insect inhabits hilly regions, and is most 
common in forests where the soil has become impoverished 
by removal of litter. 

(d) Proteciicc Rules. 

Protection of enemies ; fox, badger, hedgehog, shrcAv, cuckoo, 
croAV, starling, thrush, titmice, golden-crested Avren, etc. Calo- 
soma sycophanta, L., is very useful on the Continent, and many 
parasitic insects and fungi attack the larvte. 

' ' Fungi {Empusa sp.) killed nearly all the caterpillars in the 
Tuchler Haide in 1867, their bodies being covered Avith 
yellowish-grey sporangia. Avhich after rain became dark brown. 
The infected caterpillars were brittle Uke the pith of elder, and 
filled internally Avith a yelloAAush substance. 

(e) Remedial Measures. 

i. Pigs may be admitted to the woods from July till hard 
frost sets in. In the forest district of Cloppenburg in Olden- 

VOL. lY. „ 
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burg ill 1845, 58 pigs in 29 days (November nnd December) are 
estimated to bnvo destroyed 18,000,000 pupic. 

ii. Caterpillars may bo collected from the middle of May 
onwards by beating the stems, or in July by picking them from 
lower growth, or at the foot of the stripped trees, where they 
often collect in numbers. 

iii. Pupo) may bo collected during the winter, under moss, 
etc.; the holes whence stumps have been extracted should bo 
specially examined. 

iv. Moths maj' be collected by striking the trees in cloudy 
weather or by “ sugaring.” 

Trenches arc not of much use, ns the caterpillars are little 
given to wandering about. 

I 

2. Affi'otis VfstiffutUa* Hufn. , 

(a) Description. 

Moth with an expanse of wing of 80 to 85 mm. Fore-ivings 
ashy grey, mingled with brown, variable in depth of colour, with 
line black veins, the three stigmata conspicuous, darker than 
the ground, the orbicular nnd reniform with light borders, the 
former sometimes reduced to n point. Hind-wings light grey 
w'ith darker borders. 

Caterpillar 85 mm. long, with 16 legs, of a dull bromrish 
grey ; head with a triangular frontal spot, and another on the 
vertex, meeting at their apex, their borders forming n X . 

Pupa brown, terminated by two veiy short points. 

(b) Life-JIistorif. 

The moth appears from the middle of August till the middle 
of September. 

The eggs are laid on the ground amongst the grass and 
herbage. 

. The caterpillars hatch in September, and hibernate in the 
soil when half-grown ; as they are earth-coloured it requires an 
accustomed eye to detect them. 

* Larvoi of tho different species of Agrotis usnnlly live in tlie giouncl ; tliay 
gnaw through plants above the roots and are appropriately termed ci(f-irora» in 
America. 
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Pupation takes place from tlie end of J uno till August, oitlier 
in tlie ground, in a cocoon, or exceptionally among tlie needles 
of young Scotcli pine. 

Generation annual. 

The caterpillar dislikes the light, and during the day remains 
in the ground or concealed under the leaves of the' plants on 
■which it feeds. 

(c) Relations to the Forest. 

The caterpillars of species of Agrotis arc termed “ surface 
caterpillars,” and that of the present species chiefly feeds on 
agricultural crops, young shoots of grasses, potatoes, turnips, 

j 
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etc., to'wards harvest time. It also attacks 'the Scotch pine 
and the larch as seedlings in their first and second years, 
and exceptionally the seedlings of broad-leaved trees. The little 
one-year-old seedlings are usually bitten off by it in April and 
May close to the collum, never deeper than 1 in. under ground. 
The larva then feeds on the root, the lorrer part of the stem, 
and lastly on the needles. In June, ■when the plants are some- 
what older, they are bitten off at about the middle of their 
height, and the stem and roots gnawed'. 

Two-years-old seedlings usually have their weaker side shoots 
bitten off, more rarely the leading shoot as well, and some 
of the needles are eaten ; the bark may also be gnawed, 
but such plants commonly recover from the injury they have 
, received. 

The damage is usually done at night, when the caterpillars 
crawl along the surface of the ground from one plant to another ; 
during the day-time they proceed under ground. 

u 2 
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Poor sandy soil in plain districts is most freqnented by this 
post. 

This insoct has rccentlj' become very injurious in North and 
North-east Germany. It is tolerably couimon on tlic coasts of 
the British Isles, but is rarely' mot with inland, and has attracted 
little or no attention as nn injurious species. 

(d) Protective Jtnles, 

i. Areas both in nurseries and in the forest which are to bo sown 
up should he thoroughly weeded in the previous year, as the ? 
will not lay her eggs except among grass and herbage. 

ii. For plnnting-out, not seedlings of the first year, but 2 to 
3-years-old x>lants with balls of earth should be employed, as tlio 
caterpillars find it difficult to bore through the firm earth of tbo 
balls. 

iii. Protection of enemies. 

(c) liemedutl i\rea8urcs. 

Pigs may' be driven into places whei’e this pest has appeared. 

The ground may bo plouglicd up or trenched with hoe or 
spade, and the cntei'pillnrs collected and destroyed. In quite 
loose sand the plants may bo lifted by hand, and 'those unin- 
jured or slightly injured replanted. 

The caterpillars may bo poisoned by laying baits of cabbage 
or lettuce-leaves sprinkled with arsenic along the beds. 

The moths may ho caught by “ sugaring,” and destroyed. 

3. Agrotis segetnm, W.Y. (Tiirnij) Dart-Moth)- 
(a) Description. 

Moth with a wing-expanse of 40 mm. ; fore-wings y'ollowish- 
grey or y'ellowish-hrown, with darker* marks, stigmota of the 
same ground-colour as the wings, the reniform and orbicular 
mai'gined with black ; hind-wings milky-w*hite, with no lunate 
spot. 

Caterpillar 50 mm. long, with 16 legs, coloured like that of 
the former species, but witb the triangular spots of tbe forehead 
and vortex separated at their apices by a space, X • 

Pupa light brown, with two long anal points. 
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(b) hife-TTislory. 

The moth appears from the end of Jlny till the middle of 
June. The $ flies a few days later than the . The larval 
life is passed in the ground, the caterpillars hatching out in 
.Tunc and July, and pupating in Aju-il and May. 

Gcncraiion annual. Very common everywhere in Germany 
and in the British Isles. ‘ 

(c) Jiclationn to the Forest. 

The caterpillar chiefly attacks the roots of grasses, cereals and 
root-crops, also seedling and onc-j'ear-old spruce plants. In sonic 

I'lo. 




Affralin nryctum, W. V. iNahtraf ti:e.) 

Prussian forest districts it has also been observed attacking one- 
year-old plants of Scotch pine and beech. Except during hard 
w'eather in the winter its atlnek lasts from August to April. 
Seedlings arc bitten oiT below the cotyledons, and one-year-old 
plants gnawed about the collum, so that they frequently die. 
In 1864: this insect proved very destructive in Silesia. The 
protective measures arc the same ns for the previous species. 

EAMIIiY V. GEOMETniDjT3 (LOOI’ERS). 

Description of Familp. 

Antennoj of the imago either filiform or setaceous, with a 
thickened basal joint, not unfrequently iicctinnte in tS ; ocelli 
absent; proboscis short; wings large, broad and delicate, 
usually lying more or less level in repose, sometimes sloping ; 
frenulum alwaj's pz-esent. Bodies slim, i*esembling those of 

• Vtdc Jliss Ormctoil, oj}, cit., p. 201. 
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bnttorflics. Flight usually nt cluskj or by night; a few species 
ily in snnBhiiic. Cntci-pillars bare, or only slightly hoiiy, with 
10 (rnrel}’ 12) foot; the 3 * moro about by looping, owing to tlie 
nbseneo of tho first 3 or 2 pairs of sticlicr feet; hence their 
name, loopers or span •worms. 

Piipro long, with a short pointed tail, bright brown, Ijing 
usually without cocoon under grass, moss, or in the soil. 

Tho caterpillars feed on nccdlc.s, leaves, buds, &c., and ft few 
species are injurious to forests. 

1. JSupalus piniartus, L. (Bordered-white or Pine Loojtcr-Moth). 

(ft) Descrijition. 

Moth with ft wing-oxpniiso of 35 mm. <? bright yellow, with 
a sharply'-doflncd nreft nt the tip of tho fore-wings and the 
margins of both pairs black-brown, hind-wings with two trans- 
verse dork bands ; antcunm bipoctinnte. ? reddish-brown, the 
tip of tho fore- wings, borders, and 1 or 2 transverse bands on 
both wings dark brown ; nntennnj setaceous. In both sexes tho 
undcr-sidc of tho wings is brownish, with dark linos and nume- 
rous spots, aud a broad light-yollow band across the middle of 
the hinder pair. 

CateipiUar 85 mm. long, with 4 prolegs, smooth, 3 'ellowish 
green, mth 8 whito dorsol stripes, of which tho middle one is 
broadest, and two broad yellow stripes along the spiracles. 

Pupa at first green, later bright brown, with sharply-pointed 
tail. 

(b) lAfe-JTistorg. 

The moth flies in May and Juno. The S is fond of flyiuff 
about on sunny sultry days; its flight is unsteady. The ? is 
also very active. 

The smooth somewhat flattened green eggs are laid in a 
row (2 — 12) on Scotch pine needles in the crowns of tho trees. 
The caterpillars hatch out at the end of June or the beginning 
of July, and are fully grown by October, when they let them- 
selves down from the trees by threads. If the weather be mild, 
catei^llars may even be found in Pecember. Pupation occurs 
in October and November under moss or other soil-covering, or 
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in the soil, iisuallj' under the cover of the trees on which they 
have been feeding. 

The moth emerges in May or June. 

Generation annual. Ver 3 ' common, and widety distributed in 
pine-woods. 

(c) Hclations to the Forest. 

The caterpillar attacks the common Scotch pine, rarelj’ other 
pines, the spruce or silver fir, and prefers 20 to dO-j’^ear-old 
trees, but will even attack trees up to 60 years of age. 


Fifj. 157. 
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Bupalxu pininrivig, L. {^Natural »izc.) 

« Male. h Female. c Caterpillar. d Papa. 


The needles are eaten from the beginning of J uly to the end 
of October, but not the buds. At first the shoots of the current 
year are spared, but later on they are also attacked. The. 
young caterpillars gnaw the sides of the needles ; as they get 
larger they eat down to and beyond the mid rib. The full- 
grown larvsB cut off the points of the needles, hut eat the 
remainder completely. Complete defoliation seldom results in 
the death of the trees, as the buds produce fresh foliage, and 
the attack commences late in the season. It is therefore un- 
necessaiy to commence immediate felling of defoliated Avoods, 
as after an attack of P. piniperda, L. Dense Avoods in sunn 3 '' 
aspects of Avarm hill districts are preferred by this moth, and 
windy bordei-s of the woods are avoided. 
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(d) Protective and Remedial Rules. 

Protection of onomics, ns for Trachea piniperda. 

Admission of pigs from October to April (50 pigs to 500 
acres). 

Collection of pupaj in wintei’. 

Collection of caterpillars in August by sbaldng the poles. 

Painting rings of grease or lime-whiting 12 to 15 cm. broad 
on the trees at 1 m. from the ground. This costs 7s. to 8 b. per 
acre for tar, and ds. to Gs. for lime, and has proved effective. 

Baking up into heaps, and burning the soil-covering. This 
method gave excellent results over about 190 acres in Pome- 
rania in 1881-88 ; about 1 to * of the papas were burned with 
the litter, and most of the remaining ones being exposed bj’ the 
removal of the soil-covering were eaten by birds. l^Tiere 
the soil-covering had been loft intact, tbe motbs appeared in 
the following spi*ing in large numbers. 

2. Cheimatobia hrumata, L. (lJ’’iMfcr Moth). 

(n) Description. 

Male with a udng-oxpanse of 25 to 30 rom. ; fore-wings 
ample, grey-brown, with seveml darker transverse wav 3 ’ lines; 
hind- wings lighter, with n faint dark waved stripe in the middle. 
Remale 8 mm. long, of a brownish-grey, wings short and aborted, 
with two dark bauds across them, antennre and legs long, the 
latter stronglj' developed. 

Caterpillar 16 mm. long, with 4 prolegs, hairless, at fest grey, 
later yellowish-green, with a dark dorsal line, and 8 bright 
longitudinal lines on either side. 

Pivpa 11 mm. long, thickset, yellowish-bi’owu, with two small 
outwardly-pointed hooks on its tail, in n loose cocoon. 

(b) lA/c-Historp. 

The moth appears from October to December, and the cT 
flies especiallj’’ at evening-time. 

The eggs are first greenish, and later on reddish ; in all 200 
’to 800 are laid, either separately or in clusters of 3 or more, on 
buds, veins of leaves, and points of twigs of almost all broad- 
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leftved trees. The $ ascend the trees usually hy the cast nud 
north-cast sides, which are protected from rain. 

The caterpillars hatch at the end of April or in May, arc full 
gi'own hy the middle of »lnno, and in July let themselves down 
by threads from the crowns of the trees in order to pupate ; this 
takes place at the bottom of the trees in a smooth hole 2 to 3 in. 
deep in the ground. 

Generation annual. Very widely distributed and common, 
a well-laiown orchard pest* throughout England. 

(c) liclations to the Forest. 

The caterpillar attacks several broad-leaved trees, especially 
the oak, hornbeam, lime and orchard trees ; to the latter, especially 


Fin. 158. 




<c Male. h Female. e Caterpillar, d I’lipa. 



to apple and pear trees, it is most destructive. 'N^lien young, 
the caterpillar bores into buds through the side, and later attacks 
blossoms and leaves, as well as the green shoots and young 
fruits. It continues to spin during these attacks, and when dis- 
turbed will let itself down and climb back again to the tree by 
a thread. After destroying the foliage of standards over coppice, 
it will attack the underwood, and great damage is thus done at 
times. 

(d) Protectfre Rules. 

Grease-hands should bo applied to the trees in the middle of 
October in order to catch the ? moths on their waj' up the 
trunks. The trees are usually encircled with paper strips 4 in. 

* T'xde Stiss Ormerotl, o^. cit., p. 338. 
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broad, bound to the tree by string above and below, and the tar 
or composition is painted on to the paper, the lower part of 
which being bent upwards to prevent the composition from 
trickling down.^ These bauds catch many other insects which 
are destructive to orchard trees, such as the apple-blossom weevil, 
Anthonomu^ pomorum, L., and the codlin moth, Garpocapsa 
pomonclla, L. The caterpillars pf the last species creep under 
the paper to pupate. 

The practice of spraying with arsenical washes before flowering 
or after the blossom is set is a valuable method of treatment. 

Other species of Gcometrides, which emerge in the winter 
months, and the females of which are apterous, such as Sibernia 
defoliaria, L., &c., may be dealt with when injurious in the 
same manner. 

The pupse may be destroyed in orchards from July to 
September fay spreading earth over the soil at the foot of the 
trees, and stamping it firm. 

Family VI. — ToKTHiciDiB (LEAF-noLLEn Moths). 

Description of Family.- < 

Moths with somewhat short, filiform, or biistle-like antennie 
with a thick basal joint; 2 ocelli. Wings rhomboidal, the 
anterior pair usually bright-coloured, roof-shaped in repose ; 
frenulum present. 

Generation usually annual. 

Caterpillars with a few short hairs on little warts; with 10 
prolegs ; usually with a horny shield on the prothoracic segment 
and a horny anal flap. Very active, and strong spinners. 

Pupation in a cocoon either above or in the ground. Pupce 
with rows of spines on theii- backs. The caterpillars attack the 
buds or shoots, the fruits and seeds, or the needles or leaves of 
broad-leaved or coniferous trees. The characteristic rolling- 
up of leaves' is only practised on broad-leaved species. Many 
insects injurious to forests are included in this family. 

For a good account of these greose-hands and nature of the grease to be used, 
see Jliss Onneiod, oj>. cif., p. 342. 
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1. Earias chlorana, L. {Green Willow Leaf-RoUer). 

(a) Description. 

Moth TOtb ■wing-expausion of 20 mm. j fore-wings and thorax 
light green, the former with a whitish anterior border ; head, 
hind-wings and abdomen white, the latter sprinkled with green- 
ish-grey scales. 

Caterpillar 15 mm. long, mth 16 logs, of a dirty flesh-colour, 
with a dark dorsal stripe, and a few bristles. Pupa light brown, 
•\vith rounded head and smooth hinder extremity. 

(b) Life-History, cCc. 

The eggs are laid in July on the terminal buds of young 
willows, especially on Salix vhninalis, L. The caterpillar hin- 
ders the development of these buds in May, spinning up the 
terminal leaves into a bundle which is bent towards one side of 
the shoot in which it lives ; it feeds from June till August, not 
only on the leaves, but on the tender young shoots of the osiers. 
The lengthening of the osiers is thus rendered almost impossible, 
and a straggling production of side-shoots results. In July the 
larvso pupate in white boat-shaped cocoons. The moth appears 
14 days after pupation. 

(c) Protective Rules, 

Gut off the shoots containing the caterpillars, from June till 
the beginning of August. Each bundle contains only one larva, 
which should be killed. 

2. Tortrix vindana, L. {OaU-lcaf Roller). 

(a) Description. 

Moth with wing-expansion of 18 to 22 mm. ; fore- wings uni- 
formly light green, and hind-mngs light grey ; whitish fringes to 
all the wings. 

Caterpillar 15 mm. long, with 10 prolegs, at first greenish 
grey, afterwards dull green, with head and anal flap black, 
with warts on the back. Pupa 11 mm. long, slender, and 
black. 



800 


PROTECTIOKT AGAINST INSECTS. 


(b) Life-History. 

The moth flies during daytime at the end of June and the 
beginning of July, The eggs are laid singly or in little clusters 
on the already bitten buds of the oak, and pass the mnter there. 
The caterpillars appear in April and May, and, ns pupation 
approaches, spin threads by which they let themsclr’es up and 
down from the branches ; they pupate nsunllj' at the beginning 
of June, on the twigs of the trees which have been attacked, 

Fr«. 150. 
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Tortrh viridana, L. 

n Alotli. h Cateipillar saspencled by n tliread. c Pupa. 


generally in the upper leaves, which they roll together, and also 
in bark-cracks. 

Generation annual. Everywhere tolerably common, and 
sometimes present in enormous numbers. Tery destructive in 
oak-forests in the south of England. 

(c) Relations to the Forest. 

The oak-leaf roller-moth only infests oaks, and chiefly tall 
poles and mature trees. The attacks of the caterpillar in- 
volve the buds, leaves and inflorescence, and spread from the 
summit of the crown doivnwards. The formation of foliage. 
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blossoms nnd acorns for tbe year is scriousl}' compromised, and 
sometimes the former is completely destroyed,^ and may then 
be restored b}’’ Lammas sboots. 

In coppice-ndth-standards only tbo oak standards 
and underwood are attacked. Tbe attacks of this 
motb are very persistent, having lasted for 4 
years, in the Steigerwnld from 1869-72, nnd in 
Windsor Forest from 1890-94. 

(d) Protective Measures. 

Protection of enemies : stai-lings, rooks, jack- 
daws, &c. Hardly any remedial measures can be 
tried in forests. Tbe catei-pillnrs of tbe Dunbar 
motb, Cosmia trapezina, which are carnivorous, are 
useful in clearing off their attack, as well as that of 
the winter motb. This Noctuid motb has a spi'ead of 
wing of about 30 mm. ; tbo forewings are variously 
marked with pale grey, rust-colour, or bro^vn, with 
transverse dark and pale lines, the binder wings 
greyish - browm. Tbe ? - lays her eggs cbiofl.v 
on oak. Tbe caterpillars are pole dull-green, 
apple-green beneath, and have 5 pale whit- 
ish or yellowish longitudinal stripes, and 
numerous small black warts, each surrounded bj’ 

- a white ring, eight to a segment, an’anged trans- 
versely, on the first three segments behind the 
head, and in a square of fom*, with two below 
on each side on the succeeding segments. 

3. Retinia huoliana, W. V. (Pine-shoot To'rtrix.')’ 

(a) Description. 

Moth with -wing-expansion of. 19 to 22 mm. ; fore-wings 
narrow, reddish-yellow, traversed by 6 — 7 broad, wavy y-shaped 
silvery marks, hind-wings dark grey ; both pairs mth light grey 
fringes. Thorax orange, abdomen grey. 


Fio. ICO. 



Oak - leaf 
i-olled np by 
the caterpillar 
of the Oak-tor- 
trix, (Natural 
size.) 


Vide Miss Ormeiod, op. cit., p. 24S. 
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CatrrpiU'tr 1*J nun. long, with 10 prolcgs, bright hrowii anJ 
smooth, the heiul nnd first .segment hlnok. 

Pupa yellowisli-hrott n, with ii row of fine prickles on the 
hack of the iihdonicn. 

(b) Lijc-Jfifitnri/. 

The moth appears from the eiiil of .Tuiio till thociitl of-Tnly. 
During the day it sits somewhat concealed amongst the pine 
needles, its colour assimilating with the withered ])ine shoots, 
hut it becomes active with the approach of twilight. The cj.'ge 
aro laid among tho terminal buds of young Scotch pine plants. 
The cnlcrpillors hatch out at tho end of August, and iu Sep- 



lirtinia buoUana, W'. V. 
a Ini.igo. b Larva. r Pupa. 


tembor hibernate in tho buds, becoming full grown iu the 
following May. 

Pupation takes place at the end of May or Juno, at the base 
of the injured shoot. Tho pupa is exposed, nnd the omiity pupal 
case may bo seen for some time on the shoot. 

Tho moth emerges 4 weeks later. 

Generation annual. The insect is common and widely dis- 
iivibnted wherever Scotch pine trees are grown in Europe. 

(c) Relatio7i8 to the Forest, 

The Scotch pine and occasionally the "Weymouth, black and 
cluster pines are attacked. 

The insect exclusively attacks young gi'owth, and prefers 
weakly 6 to 12-year -old plants on poor soil and in sunny situations. 
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The attack is made by the larva boring into buds and shoots. 
Late in the summer the buds, particularly the terminal buds, are 
slightly gnawed at their base, so that tn.i'pentine exudes. In 
the following spring, as soon as the plant begins to shoot up, 
the caterpillar bores right through the pith of the young shoots. 
Shoots eaten on one side become curved as in the figure, and if 


Fio. 162 . 



no further injury is done, will recover their vertical position, but 
the perforated shoots dry up, turn brown and fall off. After 
destroying the terminal shoot, the larva directs its attention 
to the side shoots ; it sometimes spins several together, and 
passes from one to another. The attack can be distinguished 
from that of the pine beetle by the crumbling excrement. 

The injury causes the pine to send out brush-like shoots, and 
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the resulting loss of increment is considerable, as frequently 
the pest recurs year after year. 

I 

(d) Protective Rules. 

Careful planting and rearing of plantations of vigorous pines, 
without undue crowding. 

The shoots which are attacked may be broken off and burned. 

Kemoval of all misshapen stems at the first thinning, till 
which time they ore spared to help to cover the ground. 

4. Rciinia turionana, Hb. 

(a) Description. 

Jiot/i with a wing-expanse of 16 — 18 mm. ; fore-wings brown- 
grey, ochreous towards the tip, with leaden-gi'ey transverse wavy 
lines j hind-wings w'hitish, the tip greyish ( ) or ochreous ( ? ). 
Head and thorax ochreous ; abdomen grey. • 

Larva 10 mm. long, with 16 legs ; light brown, with black 
head and thoracic shield. 

(b) Life-History, etc. 

The eggs are laid in May or June singly on the middle buds 
of the whorls of the stem of young Scotch pines (usually 5 — 15 
years old). The caterpillar bores ns a rule into the middle bud, 
and hollows out the pith-canal in the course of the summer. 
The shoot is checked from the commencement of its growth and 
takes on a blackish-grey colour ; eventually it dies and the 
lateral buds, which are seldom attacked, become abnormally large. 

Pupation takes place in the follomng year (at the end of April 
or in May) in the. hollowed bud, which is spun over with a thin 
web, and the moth emerges at the end of May or the beginning 
of June. 

Other species of pine, such as the "Weymouth pine and Pinus 
ponderosa, Hougl., are liable to attack. The insect is less com- 
mon than the preceding. 

(o) Remedial Measures. 

The injured buds, which can be recognised by their small size 
and dark colour, should be cut off towards the end of April. 
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5. Retinia rcsincUa, L. 


fore-wmgs slnty- 


(a) Description. 

Moth with a inng-expanso of 16 to 18 mm 
grey with numerous shining 
leaden - grey transverse lines 
forked on the fore-margin ; hind- 
wings grey-brown ; the fringes 
palo. Body slaty-groy. 

Caterpillar 11 mm. or more 
in length, with 16 legs, oiungc- 
bro^^•n, with brownish-red head 
and thoracic shield. 

(b) Life-History. 

The eggs are laid in May just 
under the whorl of buds of the 
i-ecently-gro^vn shoots of young 
pines, usually on the lateral 
shoots. The catcrpillnr bores 
into the pith and thus causes the 
growth of a hollow gall-like resi- 
nous mass, as large as a pea, in 
•n’hich it passes the winter. In 
the spring it continues feeding, 
causing the gall to increase to 
the size of a cherry or of a small 
walnut and form a swelling on 
the under-side of the shoot which 
almost completely encircles it. 

On section the gall is seen to be 
divided into two compartments 
by a strong vertical partition. In 
the larger one the larva lives and pupates (in April or May of 
the 3rd year) ; the smaller one contains its excrement. 

The moth flies about May ; the generation extending over two 
years. As a rule the pine recovers, its injuries ; but in an un- 
favourable situation or after bad weather the attacked shoots 

VOL. IV. 



Bcsin-gfill of B. rcsinella, L., on a 
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perisli. The species is tolerably common in a few localities in 
Scotland. 

The -ti-eatment consists in the destruction of the galls during 
the second winter. 

6. P<edisca rufimitrana, H.-S. 

(a) Description. 

Moth with wing-expansion of 16 mm. ; fore-wings dark 
greyish-brown, with lead-coloured wavy lines at theh base, a 
I'usty yellow median bond with a lead-coloured border, and a 
round dark spot on a rusiy yellow patch near the corner of the 
wings; hind-wings brownish grey, with grey fringes; thorax 
rusty yellow near the head, abdomen brownish-grey. 

Caterpillar 10 mm. long, with 10 prolegs, of a dull yellowish- 
green above and yellow below, with reddish-brown head. Pupa 
6 mm. long, bright bi'own. 

(b) Life^IIistoi'y. 

The moth flies from June till the end of July, sometimes 
also in May. The eggs are laid on- silver-fir needles, where 
they remain during the winter. 

The caterpillars hatch in the succeeding spring, and when 
fully grown at the end of June, let themselves down by thi’eads, 
and pupate in the soil-covering in a cocoon made of silk and 
bits of earth. The moth appears 2 to 8 weeks later*. Genera- 
tion annual. 

(c) Relations to the Forest. 

The caterpillar, commencing operations as the young shoots 
appear in May or the beginning of June, eats the needles and 
youngest shoots of the silver fir. It devours the young 
needles, bites oS the older ones at their base and gnaws the 
epidermis of the young shoots, spinning a thin web over the 
parts attacked. The insect prefers woods of 60 to 100 years 
old, but when the moth appears in sw'arms, younger wood is 
also attacked. The edges of the crowns of the trees become 
reddish, and after attacks repeated for several years the trees 
become stag-headed, the topmost branches being as bare as 
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brooms, and die. There have been several severe attacks in 
Germany on silver fir by this moth since 1876, and in 1879, 
1,800 acres of forest wei'e ravaged in Nagoldthal, and the attack 
spread to the surrounding districts. 

(d) Protective Rules. 

Mixture of other species with the silver fir, and clean wood- 
craft. 

Protection of enemies : titmice, the wren, &c. 

(e) Remedial Measures. 

Smoking out the caterpillars by burning green branches in 
damp weather. This is done in May with branches from trees 
and poles felled in thin rings, which oi-e burned in heaps. 

Admission of pigs to the forest as soon as the cocoons are in 
the soil covering, during the first half of June. 

Baking-up and removing the soil-covering whilst the pupte 
are there. 

Felling trees which are badly attacked. 

7. Padisca occultana, Dougl. {pinicolana, Zll.). 

(a) Description. 

Moth with wing-expansion of 18 to 20 mm. ; fore-wings long, 
with strongly sinuate inner border, blight ashy-grey, with 
numerous dark brown wavy stripes ; hind-wings somewhat 
broad, of a uniform brown or ashy grey colour ; both pairs with 
brownish-white fringes. 

Caterpillar 10 mm. long, with 10 prolegs, dark green, darker 
on the back, with two brighter green stripes along the sides; 
head and prothoracic shield shining black. 

(b) lAfe-History. 

The moth appears in August and the beginning of September. 
The eggs are laid at the base of young larch shoots, and 
remain over winter. The caterpillars appear in May or June, 
and pupate at the end of July or in August in a silken cocoon 
amongst the needles, on twigs^ or, when the insect is very 
numerous, in bark cracks. Generation nnnnnV 

X 2 
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(c) Jirlations to the Forest. 

The cnlorpitlnrs iiRiinlly nttnek only old larch, nnd chiody 
Biddy trocB, hut wlien very immcrons they nlso ntlnck healtliy 
trccs, nnd underwood of Bpritcc or F. Ceinhra growing lielow the 
lurch. 'J’hcy ont the needles, nt first those of the lower shoots, 
Buhscqnciitly cliinhing to the summit of the trees. Tho insect 

sometimes nppenrs in such numbers 
ns to completely strip tho trees of 
needles, nnd entire woods niny then 
apponr with n brown ennopy, ns if tho 
needles hnd been bnrued. As a rule 
fresh needles nppcnr during nn attack, 
but if it should last for 2 to 8 j’cnrs, 

t ^ 1 oven the healthiest trees will siiccumh. 

Kftdly stocked woods on shallow soil 

Po ditea oeeuUana, Doiigi. nnd with n southerly aspect suffer 

most of all. 

This insect is common in Sivitzcrland, nnd has been observed 
over fairly largo tracts of forest in 1855-6G-57, 1801-65, 
1878-70 in tho Obev lilngndin, "Wallis and Grnubundt. lu 
1870 in tho Obor !Engadiii, where larch is tho dominant species, 
over 15,000 acres of forest were attacked by it. It is not 
uncommon among larches in Britain. 

(d) Protective Roles. 

Protection of birds. 

Smoking out ns described for the preceding species. 

PAjriLY YII. — TikeiD/t:. 

Deserijition of Family. 

Intagos with long filiform or setaceous nutennn:, seldom 
pectinate ; ocelli nsunlly present ; udngs long and narrow, 
usually pointed, and, especially the hind-wings, characterised 
by long fringes, during repose either roof-shnped or folded over 
tho body; frenulum present; legs stoutly spurred. Generation 
annual. 

Caterpillars slightly hairy, usually with 10 prologs. A few 


VlR. ICt. 
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species liave only 6 to 8 prolegs, and tliose reduced in size (leaf- 
miners). 

Pupation usually in a cocoon. Pujyes with a thin hairless 
sMn, rarely with spines on the abdominal segments, but cha- 
racterised by the elongate wing-cases which reach almost to tho 
apex of the abdomen. 

The caterpillars generally live in rolled-up leaves, or in 
shoots, dowers, fruits, seeds, &e. Many species are leaf-miners, 
living on the parenchyma of leaves, between the upper and lower 
epidermis. Others bore into the pith, wood, bark or buds. 
Pew of them, however, are important enemies of the forest. 

1. Hyponomeuta padclla, L. {variahilis, Zell.). 

(a) Description. 

Moth with wing-expanse of 18 to 20 mm. ; fore-wings white, 
clouded with brownish-grey on the anterior border, with 3 
irregular longitudinal rows of black spots, and a group of smaller 
spots along the outer margin ; hind-wings brown-grey ; fringes 
pale-grey or whitish. 

Caterpillar 14: mm. long, with 16 legs, yellowish -grey, marked 
with round black spots, with black head and thoracic shield. 
Pupa light brown, 

(b) lAfe-Hislory, tCc. 

The eggs are laid at the end of June and in July on buds, 
usually of underwood. The larvte do not hatch till the spring, 
when they attack buds, leaves and blossoms under the protection 
of a conspicuous gauzy web, which they spin in common over the 
ends of the branches. 

The chief food-plants are tho plum and apple trees, the 
monntaln-ash and especially the hawthorn. This caterpillar has 
also committed great ravages among willows in Hungary. It is 
very common in the British Isles, and often completely 
defoliates hawthorn trees and hedge-rows in the open spaces .of 
London. Pupation takes place on the branches or trunk in 
June or July in a white cocoon. 
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(c) Remedial Measures. 

Cutting-off and destruction of the caterpillar-'webs at the 
beginning of June. Destruction of the moths (July), which 
often sit in conspicuous gi'oups at a moderate height on the 
trunks. 

Where defoliation is an eyesore, as in public parks, the trees 
may be carefully sprayed irith a weak arsenical mixture or 
syringed with a stronger jet of plain water or soap-mixture. 

Other species of Myponomeuta — e.g. H. euonymeUa, Zell, on 
the spindle-tree, are closely allied in appearance and habits. 

2. Prays curtiselbis, Don. {Asli-ttoig Moth), 

(a) Description. 

Moth with a wing-expanse of 16 mm. ; fore-wings, head and 
thorax white; the former with a large triangular dark-grey 
blotch on the anterior margin and with the base and outer 
margin clouded with blackish marks ; hind-w’ings and abdomen 
grey-brown, the latter lighter beneath ; fringes grey-brown. 

Caterpillar 7 to 10 mm. long, with 16 legs, bright honey- 
yellow with brown head and dorsal shield. (According to 
Stainton the larva is greenish, marbled with reddish-brown.) 

Pupa yellow-brown, glossy, in a neat cocoon, pointed at each 
end and of a silken lustre, constructed away from the larval feed- 
ing-place. 

(b) Life-History. 

The moth flies in May and June and lays its eggs on the 
leaves of ash, which are mined by the newly-hatched laiwa. In 
the autumn, when the leaves turn yellow and fall, the caterpillar, 
which is still very small, bores into the sheathing scales of tho 
terminal buds ; here it moults and excavates a hole in which to 
hibernate. Its presence is indicated by the flne powder visible 
in the entrance-burrow. As soon as the buds begin to swell in 
the ensuing spring, the caterpillar begins to feed again and 
reaches maturity about May. The injured bud is incapable of 
development and is outstripped in growth by the next uninjured 
shoot, causing the ends of the branches to become forked. 
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Tho species is toleralily common wherever nsh is grown. 

(c) Semcdial Measures. 

Cutting off tho injured buds in autumn, together with tho 
adjacent lateral buds. This is only practicable in nurseries and 
on saplings. 

3. Colcophora laricclla, Hbn. {Larch-miner Moth). 

(a) Description. 

Moth with wing-expansion of 9 to 11 mm. ; wings very 
narrow, shining ashy-grey, with very long fringes, especiallj' to 
the hind-wings. 

Caterpillar 4 to 5 mm. long, with 10 prologs, dark reddish- 


Fio. 1G5. 



CoUopliOi'a laricclla, Hbn. 
a Motli, h Cntcrpillnr. c Xnrvnl ca-'c. d Fiip.i. 


brown. Pupa 4 to 5 mm. long, nan-ow, dark brown, mth fine 
. bristles.' 

(b) lAfe-IEstory. 

. The moth flies in the daytime in May and June. 

The $ lays its little roundish yellow eggs on healtfij' larch 
needles, usually only one egg on a needle. After 6 to 8 days 
the eggs become grey. 

The caterpillar’s hatch in June, and continue to grow till 
September. The pupal stage is x^assed from the middle of 
April till May in a case on the needles. The moth emerges in 
the latter half of May. 

' Generation annual. Very common. The caterpillar is very 
susceptible to late frosts, wet and cold rainy weather and hail. 
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(c) Relations to the Forest. 


Fig. 166. 


This insect is a most dangerous enemy of the larch, and 
prefers 10- to 40-year-old trees, but may also attack iroods 
which are older or younger than these. 

The little caterpillar, as soon as it has emerged from the egg, 

bores into the young larch-needles to 
about half their length, so that their 
upper ends shrivel up and turn yellow, 
as if injured by frost. The appearance 
of a plant which beai's a large number 
of infested needles is very conspicuous 
and characteristic. 

In September the fully grown cater- 
pillar prepares a little case out of the 
Aty part of the needle, which it cuts 
off for the purpose, and in this it hiber- 
nates on the twigs, usually at their 
tips, or in bark-cracks, or among lichens 
on the stems. 

In the spring the caterpillar, carry- 
ing its case with it, bores again about 
half-way into a larch needle, and about 
the middle of April finding its old case 
too small, it fastens it along the freshly 
hollowed-out needle, like two fingers 
of a glove. It then cuts out the adja- 
cent walls of its old case and of the 
needle, thus preparing a new ease twice 
as wide as the former. "When the 
insect is ready for pupation it spins 
the new case firmly to a needle. 

The loss of increment is considerable, owing to the repeated 
destruction of the larch needles' in the spring. 

The little insect likes sunny warm localities, sheltered from 
the north and east, and prefers the westerly borders of woods, 
avoiding isolated trees, pj^obably on account of their exposed posi- 
tion. It has been observed up to an altitude of 2,000 feet, and 
in Germany and Britain it constantly accompanies the larch. 



Larch-ncedles injured hj O. 
laricdla, 'Hhn. {Natural tize.) 

a LarvnI-cascs. h Spinning 
caterpillars, e Holloned and 
tn rated needles. 
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tliougli it is rare in tlio Tyrol and Switzerland, whore the larch 
is indigenous. 

Independently of its lai'ge numbers and wide dissemination, 
its great hnrtfulncss results from its eating the needles twice 
during the same year, and appearing year after year in the same 
localities. As the larch disease almost always accompanies this 
insect, the latter probably renders the tree suscex^tiblo to this 
highly destructive fungus. 

(d) Protective Rules. 

Choice of suitable localities for larch, and jilanting it w’idely 
apart. 

Iklixture of larch with beech, si>rnce, silver lir, &c. 

Early thinning, and removal of the thinned }natcrinl, at the 
latest, by the end of March. 

Protection of titmice and other small birds. 

(e) Remedial Pleasures . , 

Pruning the lower branches of larch trees, on which the insect 
usually appears. 

Kemoval of badly attacked and weakened trees from the 
middle of June till the end of August. The caterpillars in the 
needles of these trees will not then become fully developed. 

The little oases may be picked off the trees, and destroyed 
during the winter and spring, but this plan can be followed in 
forest nurseries only. 
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CHAPTER VIII. 

DESTntxcTn'E iKsccTS (conclxulcd) . 

A. Symonoptera. 

FasiiiiV I. — Tenthredinid/E (Sawtlies). 

Description of Family^ 

SatvfIiIES have straight, usually filiform or setaceous ontennre, 
rarely club-shaped, occasionally seixate, or in (J doubly pecti- 
nate, and with 8 to 80 joints j 8 ocelli ; prothorax usually very 
short ; wings with full complement of veins, the fore-uingB with 
1 or 2 I’adial and 3 or 4 cubital cells. 

Legs with a double trochanter ; the anterior tibia) with two 
apical spines ; tarsal joints often furnished below with mem- 
branous expansions, sometimes cup-shaped. 

Abdomen sessile, of 8 segments ; in ? with protrusible serrate 
ovipositor. 

Gcnci'ation usually double, sometimes treble, but in the 
cocoon-spinning sawflies it may be plurennial. 

Larvee usually bright-coloured, with 8 or 18 to 22 legs, resem- 
bling caterpillars but distinguishable usually by greater 
number of legs and by a conspicuous simple eye on each side of 
the head ; they are social, and after 5 to 6 moultiugs spin a firm 
cocoon which is of oval or oblong-oval foi-m and often parchment- 
lihe in consistency. 

Pupation takes place in the cocoon about 2 weeks before the 
sawfly emerges. The pupie are soft. 

The larvae feed on needles and leaves ; they ore often social 
when young, and when disturbed assume a characteristic 
attitude. The perfect insects usually feed on honey. Some 
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species (Cimhcx) girdle young Ticcch-slioots in order to get tlio 
snp. A few species are very destructive. 

1. Lophyrus piniflt. (^Pine Smcfly). 

(a) Description. 

Male with a uing-oxpansion of 15 mm. ; body black, abdo- 
men reddish nt apex, spotted with white on the underside of the 
first segment ; antenunj doubly pectinate ; hind- wings with a 
dark border. 

Female with a unng-expansion of nearly 20 mm. ; body dull- 
yellow, with the head, 3 spots on the thorax, and the middle of 
the broad abdomen alone blackish ; UTUgs yellowish, slightly 
infuscate along the outer margins. 

Legs yellow in both sexes. 

Fig. 167. 

a b 


? 

V. 

\ 1 

Lophyrxa pini, L. 
a Male. 5 Female. 





Larva 26 mm. long, with 22 legs, changing colour as it 
becomes older, finally of a dull green with a round brown 
head, and black semicolon-shaped marks above the prolegs. 

(b) Life-History. 

The sawfly appears in April and May, and again at the end of 
July and in August. Only the (J appears to fly. The $ 
creeps lazily along the twigs and needles. The $ cuts slits 
into Scotch pine-needles with her saw-like ovipositor, and lays 
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a'Eausago-Bhnpcd egg in eocli slit, depositing 10 to 20 in cncli 
needle, nnd 80 to 120 altogether ; she seals up the n’ounds mtb 
a frothy secretion. 

The larvfo hatch 2 to 8 
weeks later, in May and 
June, and those of the 
second hrood in August 
and September. The latter 
hibernate in cocoons under 
moss, or on stems or twigs. 
There is not, however, 
alw’ays a second brood, and 
the larva) of the first brood 
ma3' then hibernate. 

Pupation takes place at 
the beginning of July* in a 
compact brown cocoon,among 
the needles, or in bark cracks 
on the stems of the pine. 

Pino-nccdlcs, pilli lan’re and cocoon of second brood pupate 

Jj, piMf li* , 

in March or April in 

cocoons under moss at the foot of the tree they have attacked. 

The sau'Jlies of the first brood appear at thb end of April, > 
about 2 to 3 W’eeks after pupation. The insect when ready for 
flight cuts a circular lid off the cocoon. If an ichneumon fly 
should emerge instead of the sawfly, a little hole appears at the 
end of the cocoon ( © ) instead of the lid. The second hrood 
emerge in April. 

Generation double, but frequently lasting over a year. JJi 
rare cases it has lasted for 2 to 3 years. The insect is very 
common on the continent of Europe and in the British Isles. 

Tim naked larvie are susceptible to cold and wet weather. 



(c) Relations to Forest. 


The larvce attack the Scotch pine, and prefer sickly poles 
where the leaf-canopy has been interrupted, 20 to 80 years old, 


• Tlicodor Hnrtig states that cocoons spun under moss are 
those on the tree silky ash-grey, dirty white, or yellowish. 

• and rusty red cocoons may occur. 


dull broil n, ,ond 
Even clean white 
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Oil poor soils aud witli a sunny aspect. Border trees especially 
suffer. 

The Inrvro till half-grown cat the needles in dense companies 
of 60 to 80 and more. When young they merely gnaw the 
edges of the needles ; later on they cat them in short strips 
parallel to the mid-rib, which they leave intact. An attack by 
the pine sawfly may bo at once recognised by the remaining 
yellowish, thread-like mid-ribs. 


Fio. 109. 



3 cocoons of tho Fine- 
sawfly on pine bark. 
{Natural rize.) 


Fta. 170. 



The older caterpillars only leave short stumps to the needles. 
The first brood ohiofly devour 1-yeax-old needles, and the second 
brood those of the current year. The larvas also gnaw the soft 
young bark in patches, often down to the wood. After the 
crowns of larger poles are stripped, smaller Scotch pine poles, 
underwood, and young plantations are attacked. 

This and all other species of Lophyrus have the habit, when 
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difitarbed, of bending the iront part of their bodies in the figure 
S (vide fig. 1G8). 

(d) Protective Rides. 


i. i^Inintcnanco of healthy well-stoclied Scotch pine woods, bo 
that the soil may not bo impovorished. 


Fia, in. 



Pino-shoot with needles eaten by jnni, 

, li. [Natural SKC.) 


ii. Protection of enemies : 
cuckoo, starling, ci*ow, goat- 
sucker, swallows, &c. Mice 
and squirrels open the 
cocoons during the winter, 
and devour many larvre. 

Many* parasitic ichneu- 
mon wasps xaidDiptera attack 
the larvre. 

(e) Remedial Measures. 

i. Collection of larvre by' 
stripping or shaking them 
from the trees on to cloths 
spread on the ground, in 
May and June,* and again in 
September and October. One 
man shaking the trees, with 
two boys to collect the larvre, 
can clear 15 25-year-old 
trees before 9 a.m., and such 
work is most elficacious 
in the morning w’hen the 
larvre are slightly torpid. 

ii. Collection of cocoons 
under the moss in winter. 
They may generally be found 
near the base of the attacked 


trees, and sometimes in masses as large as the fist. 

iii. Admission of pigs in September and October, when the larvre 


* Por a list of these, vide Tascheaherg, oj>. ci2., p. 230. 
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come down to hibernate. The pigs will not eat the cocoons, 
which are too tough for their taste, but crush them in numbers. 

iv.' Planks smeared with tar may be put up to catch the saw- 
flies, the tarred sides being turned towards the sun, and the tar 
renewed from time to time. 

V. The ground under trees which have been attacked may be 
ploughed up deeply, in order to bury the cocoons. 

vi. If no other remedy should be found effective, the damaged 
wood must be cut down, and the roots grubbed up late in the 
summer or winter ; branches may be spread on the soil and 
burned before grubbing up the roots, and one or two field-crops 
harvested before the land be restocked with pines. 

Several other species of Lophyriis of generally similar habits 
also attack Scotch pine. Miss Ormerod* states that much 
injm.’y was done in 1890 to three or four thousand acres of 
young Scotch pine in Argyleshire by L. rufiis King, the larvse 
of which are dull greenish-grey, with black heads. The flies 
appear in August only, and the ? are reddish and the S black; 
both sexes have red legs. 

Plants 2 to 6 feet high were more subject to attack than older 
ones. In Germany this species is said to attack trees of all 
ages, but to prefer those 10 to 16 years old, and one-year-old 
needles. It attacks the Austrian as well as the Scotch pine, 
and appears to have a single generation. It is not so common 
as L. imii, and should bo treated similarly. 

Pamilv II. — UnocEiuD® (Wood-wasps). 

Description of Family. 

Wood-tvasps have straight filiform or setaceous antennse 
always shorter than the body, and with 11 to 24 joints; 3 
large ocelli; body long and cylindrical; wings elongate with 
complete venation. Legs with double trochanter, anterior tibite 
■with a single apical spine. .Abdomen sessile, with 9 segments; 
ovipositor elongate, projecting beyond the end of the abdomen^ 
and consisting of two lateral sheaths and a strongly serrate 
median borer. 

Generation lasting at least two years. Larvae cylindrical 

* 0]1. a'L, p. 255. 
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Boft, find wbitish, ivith 6 legs, and a spine at the rounded 
posterior exti’craify. Pupte soft and white. 

The lai’vm live chieflj’ in coniferous wood, in which the per- 
fect insects lay eggs with their long ovipositors. Pupation also 


Fio. 172. 



Pine-ivood liored by the larva of Sirex juvenctis, L. {iCaiural ttxc.) 
a Larval burrows partly filled with boiing-dust P, y circular flight-hole. 

takes place in the wood, and the wood- wasp emerges by a circular 
hole. I 

1. Sirex juvencus, L. {Steel-blue Wood-waep). 

(a) Description, 

The insect attains a length of 16 mm. (<^) and 80 mm. ( $ ) 1 
thorax and abdomen ateet-blue, the latter in the c? with the 4th 
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to the 7th segment incltisivc, yellowish rod ; in $ the steel-blue 
ground-colour of the abdomen is iridescent, with a coppery 
sheen. Wings yellowish, with brown margins. Ovipositor 
shorter than the abdomen. Larva 30 mm. long, with 6. very 
small feet, white. 


(b) Life-Historyt t&c. 

The ? in July bores the barh of the Scotch pine, usually of 
trees in pole- woods, down to the sapwood, and lays an egg in each 
hole. The larva eats out in 
the wood a cuiwed buiTow of 
circular section ; at first it lives 
in the softer layers of the sap- 
rvood, but after the fir*st hiber- ' 
nation it bores deeper into the 
tree, living on the resinous and 
starchy matters in the burrow, 
the dust of which it packs 
behind it. 

After a second hibernation, 
in the early summer of the 3rd 
year, it constructs a pupal chamber at the end of the burrow, lining 
it with a glazed coating. The toood-wasp emerges in July, 
by a larval-gallery, or by boring for itself a short way through 
the wood. The flight-hole is circular, and about the fourth 
of an inch in diameter. The generation lasts at least two 
years, and sometimes longer, the wasps appearing from wood 
which has been worked up for some time. 

In Germany, it sometimes attacks spruce as well as Scotch 
pine, and in the British Isles,”^ it has been observed in larch, 
silver-fir, and other conifers. All wood-wasps prefer weakly 
trees, which have been injured by deer, lightning, or wind, and 
especially trees felled in the growing season and stripped of 
bai-k. They never attack actually rotten wood, or perfectly 
sound standing trees. Miss Ormerod relates an instance where, 
at Worldngton, Cumberland, in 1889, 1,700 c. feet of silver-fir 
valued at dSSO were irretrievably rained. 

* Miss Omorod, ox>. cit., p. 269. 

VOIj. IV. V 


Fio. 173. 



Wood-wnsp in tlio net of boring, exposed 
by splitting tbo wood. 
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(c) Proteetioe Rules, 

Eemoval of all bigli stumps and broken wood. Felling of all 
weakly or damaged poles and trees at tbe tbinnings, and rapid 
removal of coniferous timber from the forest. 

2. Sirax gigas, L. {YeUoio it-ood-wasp). 

(a) Description. 

Imago 15 mm. ( ) to 85 mm. (?) in length ; blacli, head with 
a large yellow spot behind the eyes ; abdomen ( (? ) reddish- 
yeUow, with the first and last segments black, (?) black with 
the 2 anterior and 8 posterior segments yellow ; legs black, with 
the knees yellow ; ovipositor nearly as long as the body. 

Larva, like that of the preceding species. 

(b) Life-History, i£c. 

This species is particularly attached to the spruce, but is 
sometimes found in silver-fir. Its habits are the same as those 
of S. juvencus, L. 

It is tolerably frequent in Britain, and prefers large trunks. 

The treatment of its attacks is similar to that adopted for S. 
juvencus, L. 


FashIiY 111. — Ctnipid^ (Gall- wasps).* 
Description of Family. 

Imagos with straight, filiform antennis, with 18 to 16 joints; 
ocelli far back on the crown of the head. Forewings with only 
O to 8 cells, with no stigma, and with 1 radial and 2 to S cubital 
01^6 species have no wings, or only abortive ones* 
omen pedunculate, laterally compressed and truncate at apex, 

<? usually very small. Lai^<c 
P„« fleshy, curved, smooth, white, and apodal. 

J upm tock-set, smooth, and white. They are divided into 3 
groups . Tile GalUzoaspst Secondary Gall-tvasps, and JParasites, 
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1. Ti'ue GaU-icasps. 

The true gall-wasps here with their ovipositor into leaves, 
buds, shoots, fruits and other parts of woody plants, and they 
insert one or more eggs in the wound. The egg hatches in 
due time and the larva lives, in a chamber formed in a growth or 
gall, often of hard or woody consistency, formed by the pro- 
liferation of the surrounding plant-cells. The growth of this 
gall is not due to the irritation caused by the mother, but to the 
stimulus caused by the internally-feeding larva. Galls may be on 
roots, bark, buds, leaves, blossoms or fruits. They may also con- 
tain one larval chamber, or many, the former being most usual. 

The oak is attacked by numerous species of gall-wasp, and 
galls are chiefly found on badly-growing underwood in coppice 
or high -forest. The consequent damage is not serious ; and 
some species are useful as producing the galls used in com- 
merce on account of the tannic or gallic acid they contain. 

Probably the most harmful species is the common marble gall- 
wasp (Cynips koUari, Hart.), which sometimes occurs in large 
numbers on young oak plants. The galls * may be cut off with 
a knife while they are still young and soft, and if thrown away 
they dry and shrivel, and the maggots within perish. Titmice 
are very useful in oak nurseries, as they pick the maggots out 
of the galls. 

It is interesting to know that in many species of gall- 
flies, a wingless, hibernating, parthenogenetio generation always 
alternates with a winged generation of both sexes. As 
an example, the wingless agamic female form, Cynips aptera, is 
hatched from galls on the roots of the oak, and hibernates in 
the sou, laying in the spring, on the terminal buds of the oak, 
a number of unfertilised eggs. These cause galls on the ter- 
minal shoots from which the winged forms of both sexes, C. 
Urminalis, develop. The fertilised ? of this insect lays her 
eggs on the roots of the oak, and from them C. aptera is 
hatched out, and so forth. 

2. Secondai’y GaU-toasps, 

These are also termed Inquilines, or fellow-lodgers, as their 
* Miss Oimerod, op, etl., p. 237. 

Y 2 
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to tlio following April it excavates short irregular vertical 
galleries. This causes the apijoaranco of spindle-shaped swell- 
ings of the bark and underlying wood, nt least in the larger 
stems, which eventually become rough owing to tho irregular 
detachment of tho bark. Pupation takes place in the same spots, 
and the emergence of the flics riddles the bark with small holes. 

This species is sometimes decidedly common and injurious in 
osier-beds. The only satisfactory treatment is the timely 
cutting-oif and burning of the infested shoots before emergence 
of the gnats. 

The family of Cccidomyiiche also contains the Hessian-fly, C. 
destructor. Say, one of the greatest of pests to cereal crops, and 
various sp'ecics attacking conifers, of which C. kellncri, Husch., 
gives rise to galls on the buds of larch. 

Little can be done to prevent or cure these attacks except to 
out off aud burn the infected branches. 

C. Hemiptera. 

F-tMILY I. — ^APHIDIDiE (Pl.\KT-I.ICK) . 

Description of Family. 

Insects with long, usually filifonn or setose antenna), of 5 to 7 
joints ; ocelli either absent or 3 in number j rostrum usually 
well developed. 'SVings membranous, often absent, especially 
in ? . Legs usually long and thin ; tarsi of 2 joints. 

1. Gherincs abictis, L. {Sprucc-yall Ajdiis). 

The species of Chernies comprise those Aphides which are of 
niost importance as being injurious to forest-trees, especially to 
coniferte. 

(a) Desci’iption. 

Imago, ? 2 mm. long; yellowish-green, ochreous or light 
brow'n with a whitish bloom ; antennae and legs pale. Wings 
white (when present). Male smaller, slenderer and paler. 

(b) Life-History. 

The female passes the winter under bark-scales or at the foot 
of the buds on young spruce. In the spring she inserts her 
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Fig. 174. 


lostrum into the base of the hud, which reacts by foiling a 
suellmg resembhng a fir-cone, eventually attaining the size of a 
small walnut. She oviposits in the spot where she feeds, and the 
young, on hatching, cluster at the base of the bud needles, and 
by their suclong cause the gall to rapidly increase in size. As 

it grows they are enclosed in cham- 
bers caused by the swelling of the 
lower part of the needles. By August 
they are fully grown and have acquired 
wings. The needles foioning the 
chambers of the gall shrink and allow 
them to emerge. These winged fe- 
males disperse over the tree and over 
adjacent trees (a certain number of 
them migrating to the larch), feed as 
before and lay their eggs, which are 
covered with a cottony deposit. 

The males (which have onlj' lntcl,y 
been discovered) appear in the autumn 
only and pair with the females. From 
the sexuallj'-.proiiuced eggs arises the 
wingless female form (stem-mother) 
who lives through the winter and 
starts the grow’th of the gall in the 
following year. The 'other genern- 



(c) Relations to the Forest. 

The galls which result from their injury are at first soft. and 
green, becoming later puirlish-red in places and finally, when 
laid and dry, brown. They contain a quantity of tannin. Their 
size IS characteristic, as is the fact that they are topped with a 
sprig of needles, one or more times longer than the gall. This 
IS the stunted young shoot. The injured shoots take on a 
characteristic curvature towards the side on which the gall is 
grmving. The loss of gi-owth may be considerable. 

This CVicmcs is common both in plain and hilly country, and 
especially attacks young spruces in nurseries and those which 
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have been injured by frost or animals. It is also common on 
the border-trees of 10- to 20-ycnr-old plantations. Fortunately 
tbe attack is usually confined to the side-shoots, and the loading 
shoot escapes. 

(d) Jtemedial Measures. 

Protection of the smaller insectivorous birds : tits, the nut- 
hatch and golden-crested wren. A spider {ThcruUou) is nn 
active destroyer of this insect, spin- 
ning its web over the galls and pre- 
venting the escape of its inmates. 

Direct treatment is troublesome ; the 
galls if on seedlings may be snipped 
off, and the experiment may be tried 
of spraying the young trees in April 
•with kerosene-emulsion. (See the 
follouTng species.) 

2. Chermes laricis, Hart. (The Larch 
Aphis). 

(a) Description. 

Imago ? , rather smaller thou the 
preceding, blackish-brown, covered 
•with a white woolly down ; the winged 
form dirty green, or with the head and 
thorax reddish-brown. No male is 
known. 

(b) Life-History. 

The wingless females pass the win- 
ter on the larch, like those of C. ahictis, L. They lay their 
eggs and from April to August the aphides sit and feed on the 
needles, which become discoloured and acquire a peculiar elbowed 
shape. No gall is formed. They acquire wings in August and 
disperse to other larches or to the spruce. When they are 
abundant, the larches look as if they had been- sprinkled with 
snow. 


Fir., 175. 



[J^tttural siai.) 
a Inwcts feeding on the 
needles, n'hich siiow .-i chnrac- 
toristic angnlar bend. 
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(c) Treatment. 

Sprnying ■with Itevoseno-omulsions, soft-soap, lime-water or 
weak solutions of corrosive sublimate. 

Becent rcsoarchcs have sbotvn that the above species of 
Chermes are almost certainly altcniating foitns of one and the 
same species. The sexual generation occurs at most once a 
year, and ahvays on the spruce, while it is separated from its 
successor by a scries of agamic generations consisting entirely of 
female forms, •which may remain on the spruce or may migrate 
to the larch. The forms on the larch are therefore all agamic. 

If these discoveries arc accurate, it follows that the common 
mixture of spruce and larch favours the insect by prodding both 
its host-plants in association. At the same time it is possible, 
though rigid jiroof is wanting, that the species can continue on 
the same species of tree from year to year without migration.* 

F.uiily II. — CocciDic (Scale-insects). 

Description of Family. 

Insects uith moniliform antcniim, of G to 25 joints ; rostrum 
rudinientaiy in the -with 2 or 4 membranous wings with- 

out cells ; $ apterous, swollen, more or less shield-shaped ; one 
tarsal joint. The ? in May and June lay numerous eggs on 
plants, and die on the eggs. The larvro pupate in autumn or 
Blaring. Single generation. 

The imagos and larvtc, under the protection of shields or 
puparia, partly composed of fibrous secretion, partly of the cast- 
off exuviro, suck the young shoots, leaves, bark, &c. of perfectl}' 
sound plants, and cause blistering and disease in the organs 
which they have attacked. In this waj' spruce, oak, robinia, and 
other plants may be attacked by different species ; the most 
effective treatment known for nursery plants so attacked is to 
wash them with lime-water in the spring, or cut off and burn 
infected twigs. The plants may also bo treated, when practicable, 
with kerosene emulsion or washes made by forming a soap with 
boiling water, resin and potash. The scales may also be scraped 

For nn account of icccnt investigations on this question, vide Blandfotd, 

. Journ. R. Hort. Soo. XIV., 1C9-176. 
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off with a hluiit knife, or rough brush, nud the plants smeared 
with Boft-Boap and water/ 

Lccaninm raccmosum, llatz, causes a black, pnslc*liko coating 
on branches and twigs of 6- to 15-yearB-old spruce, which causes 
them to languish for several years. This insect is attacked by a 
parasitic weevil {Brachytarsits i-arias, Eabr.). It has done much 
damage to spruce plantations in Saxony, 
and near Tharand was found on mature 
spruce, which had been injured by loco- 
motive smoke. 

D. Orthoptera. 

FATillLY I. — GnVLLlDJE (CllICKETS). 

Description of Family. 

The insects of this family possess a 
thick, free head, with long bristly an- 
tennas of many joints, and 2 or 8 
ocelli; hind-wings folded longitudinally, 

and projecting beyond the wing-cases, 

i ft. Ill 1 11 J Spnicc-Miool nttarkra l.y 

but often aborted, or absent, not roof- Lecaumm recemomm, Rm?.. 

shaped in repose. Body cylindrical; „ pSeTiitTmocts. 
fore legs formed for burrowing ; tarsi 

3-jointed. Ovipositor long, sometimes absent. The species pro- 
duce a chirping noise by rubbing the wing-cases together. 

They dig holes in the ground, and live partly on larvtc and 
worms, partly on the roots, seeds and fruit of forest plants, or 
on grass and herbage. 


I'lc. 170. 



1. Gryllotalpa vulgaris, Latr. {Common Molc-crickct). 
(a) Description, 


Imago 35 to 45 mm. long, I’eddish-brown or dark brown, and 
lighter beneath ; the wing-cases short \vith black veins, not cover- 
mg the wings; abdomen with two caudal processes. Pore-le^s 
sturdy, resembling hands, used for burrowing, like those of tho 


* Por apple-scale Miss Ormcrod recommends 2 lbs. soft som l ll. n r 

Bulpliur, 14 gallons of water. soap, i n>, flour of 
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in form ^>yntph gi’eatly resemble the perfect; insect 

m form and colour, but have the wings undeveloped. 

(b} Life-History. 

The ? during the month of Juno In^-s 150 to 250 pole yel- 
lowish eggs, ns large ns 
hempsced, in a liole of the 
size of a hen’s egg, and 
about 10 to 12 cm. below 
the surface of the ground, 
with which it com- 
municates by n tunne 
or shaft, with a circular 
section. 

The earth above and 
around tho hole is ren- 
dered more compact bj' 
the saliva of tho ? . The 
9 watches the nest care- 
fully, and when disturbed 
returns to it bj'tho tunnel. 
The young hatch after 

2 to 3 weeks, and remain 

3 to 4 w'eeks in the nest ; 
they then begin to burrow 
in the ground, moult 3 
times before October or 
November, and then hiber- 

The nymnh-staw +oi,» i ground, 

of Juno with the fourth 

feeding, and shortly with tlm T"* being active and 

lappets which remi’ent 

appear, and the form of the “y““pli. 4 tiue wings 

Generation an3 ^ assumed, 

over another year. ^ occasionally the larvm may remain 
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(c) Rdaiiom to the Forest. 

The insect, in all its stages, damages forest iilants, hy biting 
through the roots of young, conifers, esi)eciall 3 ’’ of spruce and 
Scotch pine, when 1 and 2 j’oars old, in the i^rocess of making 
its burrows, which are about a finger's width. It also uplifts 
young plants, which fall over and die. The mole-cricket also 
bites off the germinating shoots of oak and beech before thej* 
reach the surface of the ground, and the roots of j’oung broad- 
leaved seedlings, tearing the latter Avith its fore logs. 

On the other hand the mole-crickct is useful by destroying 


Fio. 17S. 



Kest and egg's of tlic mole-cricket. 


numbers of underground grubs. The ? has been observed to 
eat some of her own brood. 

Favourite localities for this insect are loose Ioa'cI sandj' soils, 
free from vegetation, but it is also found on clay lands. Thinly 
stocked beds of seedlings are prefoiTcd to densely stocked beds, 
and patches of seedlings to strips. 

The mole-cricket also cuts through the roots of agricultural 
crops. It is not yet decided Avhether it damages plants for. its 
own nourishment, or to clear the aa ay for its burroAvs. 

The mole-cricket is local in Fugland, and does not occur in 
the K. It is perhaps commoner than is generally supposed, as 
OAving to its undergroAind habits it is seldom seen. 
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nttnciccd by it, other brond-lcftt'etl trees being spared. Vine- 
yards wore also attached. 

(d) Proicclive Jiulcs. 

i. Destruction of eggs. Verj* diflicnlt to carry out on a large 
scale. 

ii. Destruction of Inrvxe, which is the best method. ^ , 

They have been exterminated in Cyprus by nn organised 

system of digging trenches, into which the Inr\'ro are driven ; 
strips of cloth on stakes lead up to the trenches, and the locusts, 
arc crushed by thousands when the trenches nro nearly full, and 
then fresh trenches are dug. 

iii. Destruction of the full-grown locusts may be effected 
during wet Aveathei*, when tliey fly with difiicnlty. 


LIST OF DESTRUCTWE INSEOTS. 


A list is hero given of all tho destructive insects dealt 
with in this booh, arranged according to the species of tree 
attached and the diiTei'ont organs of it which suffer. 

The following details nro given in tho list : — 

Organs of tree attacked: root, bark, cambium, wood, buds, 
young Shoots, needles, loaves, blossoms, fruits and seeds. 

Stage of the insect at tho time when it is injurious : larva, 
imago ; or, sometimes, in the case of Ortlioptera, or Hcviipiero, 
all stages, including the nymph or pupa. 

Grade of injuriousness of insect. 

Age of woods attacked : seedlings, young plants, poles, or 
trees. 


Characteristics of attack, which serve to indicate the offender. 
The following abbreviations are used : — 


I. Imago. 

Ii. Ijarra. 

A. All stages. 

(V.G.) Vertical gallciy. 

(F.G.) Forked 
(H.G.) Horizontal ,, 

(L.G.) ladder „ ; the ckiirac- 

terietic fonn ol Trypodendron. 
(S.G.) Stollato gollciy. 

S. Seedling. 


(Y.P.) Young plants. 

P. Foies. 

T. Trees. 

• Highly ii\)arions, 

O Slightly „ 

Insects not inaiked mtli either of the 
above signs are moderately iigurions. 
Those, with the mark -{■ placed after 
tlicm, rarely occur in the cose re- 
ferred to. 
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1. THE SPRUCE. 


Wood. 


Boots. 


PAGE 


177 

185 


*Melolontha vulgaris. L. 2 to 3 

summers. 

* 11 . hippocastani. Id. jgg 

DoIopiusmargirmt ^ i ^-^- y ^- -f 

Agrotis segcttim. 329 

*Gryllotalpa vulgans . b.. o. ... 

Baek. 

Stroplwsomus corylt . 

- S. ohcsus. Id. — ""/y’pV 199 

■* Hylobivs dlnetrs. 1 . 1 

*E:.pinastri. Id- 205 

Pissodeswtatus. 1 "p. 2 O 8 

» .208 

Jiercynvvs. a* a. -- 

CAMBIUil. 

. . T (V P &P.)+ 205 

Pissodes notaltis. L. ( • • ^Qg 

P. pint . W- • • • • • • • . 208 

P. JiercynUc. l<- ^ 

*Tvmicus tyiiograpMts. • • 

(v.G.iT. 

*T. nmUintts. I- ..218 


PAGE 

191 

228 

320 

322 


r^^clia^Hraphus. I.&L-(S-6-) 

P. &T. 


EyUcottus dermcstoidcs. I-* 

* Trypodendron lincatum. I. & I*- 

(L.G.) 

StTeso j'ft'Vcncit'S, Aj» a*t 

S. gigas. L. (P. & T.) 

Buds. 

*Liparis mtmacha. L. (P. & T.) 280 
Young Shoots. 

* Uyldbiiis ahictis. L. (Y.P.) 199 

Chernies dbietis. A. (P. & T.) 

Ltirge galls a”iv”p 

Zeeanium racemosum. a. i x . r . 

&P.) 

Ueedles. 

OMcMonihasvv. I- ^-’p': 

Slrophosomus eoryh. 1. 

S. obesus. Id 

Siiones Uneatvs. Id 

*Liparis monaeha. L. Trees of 

alloRes 

Panolis pinipcrda. L. (P. &T.)t 288 
Id 294 


329 


V. & V . T (T. G 221 1 LMMmw 

T. laneis. !■ 223 1 

p. & T. 


Pupalus piniaritis. 

Lecanium raeemosnm. A. (Y. P. 
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329 


fjy. lyidentaltis. tY. . . 226 1 nMelolontha vulgaris. I.{P.&T.) 177 

(S. G.)+ ■■■•■■■■ ' ^ 

Eylas^ 23^ 

(V.G.) (P- ^.Y.) ^ ^ ^ 


Ejlurg^' ^ 237 

(V.G.)T.t ..-"-"- -^ j, ^ ^p 

E. rmruir. 243 1 nAgriotcs spp. Ij- 

fc 


Cones. 

Phmohius abietis. L 

Germinating Seeds. 


191 


189 


Roots. 

*Uclolon{ha spp. E- (Y.P.) 2to 

3 summers 

•Grgllolalpa vulgaris. A. S. ... 

Bark. 


QStrcphosomusobesus. MY.P.)+ 195 

*JTyldbitisahtctts, I. (Y. 19 


2. SILVER EIR. 

Pissodes picece. I. P 208 

O^pAwspp. A. (P. &T.) 325 

QCoeeus spp. A. (Y. P* & P-) *28 

Cambium. 

Pissodes picece. L. (P. & T.) ... 208 
Tomicus chaleograpJius. I. & L. 
(S.G.) (P. A T.)t 


219 
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(P- 


PAon 


* T.)t 

Bylaatcs j/alUaiits. 
(V.a.) (P. & T.) 


223 

I. & L. 

234 

AVood. 

O^l/heoctits dermestoidca. L & L. 

. 191 


T.. 


^I'ypodendron lineatum. I &L 

(I..G.)T. ' • 

Strcx spp. L, (P. & T.) 320 

Bdds. 

Ptvdisca ruiimitrann. L. T 


306 

8. SCOTCH PINE. 


Touxg SnooT!;. 

StrofiJiosoniKs obeaui. I. {Y.P.) 195 
Pccdisca rujimitrana. L. T. . . 306 
OC'ocMwspp. A. (P. & 1’.} 32S 

IfEnDIiE*!. 

OStcldlonQia spp. I. {P. & T.) .. i7i 
OStrophoatnmes obania. 1. (Y.P.) 193 

*Liparis vionac7ia. L. T.f 2S0 

* Pccdisca rujtmiirana. L. T. ... 30S 

GEn.wi}fATnfG Seeds. 
OAgriotea spp. L 189 


Roo rs. 

*MeMontJiaBpp. L.(Y.P.) 2 to 


3 summeia .. 


177 


Oi^lopitia martfinaiiis. L. (Y.P 1 iflo 

lAgrotis restigialis. L. S.‘ .. ^ 

A. aegelum. Id - 

*OntUotalpa vnlgaHn. A. S. 329 


Baick. 


Strapiicsonms coruli. I fYp-* io.i 

S.obcsas. Id. ... 

*JPgldl/iva ahiclii. I. (Y p \ , aa 

•pr.pi„„siri. Id. 

•Pwsocis* 7iota/jis. I. (Y. p. & P ) 

P. pini. 


Id 


205 
... 208 


*p. piniphii«s. i.'Vp"& T.').;;;" aol 

X^hynut pini. Ij. (y.p. ^ p , 

A. ncfus. Id. • * .J 31 j 


319 


CAATBIDtr. 

" xf ^ ^ PO 205 


*T. bidentahn. I. & L. (S.G.) 

Titses of all ages 226 

T. acuminatus. I, & L. fS.G.l 

T. :. : 228 

Uyiastes palUatw. 1. & L. 

(V.G.)T. 234 

*Er. ater. I. (Y.P.) Knar the 

coll am 236 

■K opaetis. Id 230 

*Xryhirgiis piniperda. I. & L. 

^ (V-G.) Tiees of all ages 237 

*-®L I. k L. (H.G.). 

Aj ees of nil ages 243 

. Wood. 

Tntpodendrmx linralum. I. i:L. 

(L.G.) (P. & T.J.J. 228 

Sircx jttfcneus. L. (p. y.j 

2 summers oon 

■S', ffigas. Id III 

Buds. 


*»>* .. 20s ^ pint, L (P JkT^ 265 

- 208 ( monae/ia. Id,. \ 2S0 

or „ 210 i ‘urionana. Id 301 

or, antitiwjM. I. &L. (P.G 1 * 1 „ 

(S.G.)T.+ ' I ^ ovif a Shoots. 

or. e/iaieograpinis. I. &iL'(S G*i * ^y^cdtiva ahUtis. I. (Y.P, & P.) I99 
.„(P.&T.)+ ......: 0X0 I Id .%05 


''r,^<95(fcnta/i„. I. & L (V.G.) 

'^■(p^Tt*; ^ fv;G.) , 

223 ( 


219 

221 


*JIylurgus piniperda. I. Pith 
cf trees of 111! ages 237 

'M. minor. Id 243 

'Jtetinia buoJiana, L. Pith of 
trees of nil ages 302 
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PAGE 

jR. turionana, L. (Y. P. & P.) 304 
O-B. rcsinella. L. 2 5 ’ew's. (Y. 

'P. & P.). Resin-galls 805 

Coccus spp. A 328 

NeEDLU'S. 

OHhisityogiis solstitial is. I. (P- 

SsT.) 185 

StropJiosomiis coj-j/U. I. (Y.P.l 194 

S. obcsiis. Id 195 

S. linilatus. Id 195 

*Gastropachapmi. L. (P. &T.) 265 
*Iiiparis monacha. L. (Y.P.) 

(P. & T.) 280 

*Panolis pinipcrda. L. (P. &T.) 288 
Agrotis vcstigialis, L. (Y.P.)... 290 
*Bupahts piniarhis. L. (P. &T.) 294 


PAGE 


*Lophyi'us L. (Y.P. & P.) 

Social 315 

*L. rtifits. Id 319 

iKFEOr.ESOENCE. 

QMclnlontha vulgaris. I. (P. & T.) 177 
OBrnobtus alneiis. L 191 

Gi'.kminatikg Seeds. 
OAgriolcs spp. L 189 

The nbovc-montioned insects also 


attack other species of pines, such as 
P. Strobtis, Laricio, Cembra, snoiitana ; 
bat none sniToi-s so ranch as P. syl- 
vestris. 


4. LARCH. 


Root.s. 

'MeMontha spp., L. (Y. P.). 2 to 


3 summers 177 

Agrotis vestigialis, L. S 290 

'Oryllotalpa viilgaHs, A. S 320 


Bakk. 

Hi/lchius abielis, I. (Y, P.)+ ... 199 

jy. pineti, I. (Y.P.) 205 

Pissodcanotalus, I. (Y.P. &P.)+ 205 


Ohermes lands, A. Trees of all 
ages 327 

Cambiuji. 

Pissotlcs notatus, L. (Y.P. & P.)+ 205 
*Tomicus fgpograplius, I. & L. 

(V.Q.), T.t 210 

*T. amilimts, I. & L. (F. or 

'S.G.)T 218 

T. eftaleograjtlius, I. & L. (S.G.) 

(P. &T.) 219 

T. larids, I. & L. <V.G.), P. 4c T. 22.3 


IYood. 

Trgpodeiidron Kneatmn, I. & L. 

(L.G.) T.t 228 
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CON'CLUniXCi liCMAHKS. .‘ii:? 

nllftincd largo (liiiiciisions man’s pfibrJs againsL il arc almost 
powerless. In order that his attempts nt rcpnjssion may he 
successful, the forester must know the life-history and rehi- 
tions to the forest of injuriaiis insects ; for this pur])ose mere 
book-learning will not suflico, but. must be supplemented by 
careful and conlinuons observation in the forc.sl. 
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PABT III. 

PIIOTECITON AGAINST PLANTS. 


Pt-iNTS injurious to forests are either weeds which cover the 
soil, or climbers and plmiicrogams or fiingi» which 

attack trees and forest ])]ants. The following sections will con- 
tain an account of these dangerous enemies of the forest. 


CHiPTEll I. 

t 

PROTCCTION AGAINST I'Om^ST %\'EnDS. 

Section I. — Gr.KEn.vij Account. 

1 . iJeJinition of the term Forest IPt’crf. 

The term forest weed usually comprises plants which by their 
vigorous growth in musses more or less retard the dovolopinent 
of young forest plants, lly extending the meaning of the term, 
shrubs, and even many otherwise useful trees, maj' bo included, 
which injure the growth of the principal local forest species. 
ANTion for instance sallows or aspens .s])riiig nj) in largo numbers 
in boecli woods, or birches among eoiiifcr.s, or even the hardj' niul 
fruitful hornhenm competes too freely with beech, it become.s 
necessary to remove these inferior species in cleanings, lIoi’C 
detail on this point i.s given in sylvicnlture; it may, however, he 
noted hero that the most uuracrous and dangerous forest weeds 
are woody plants of more or less rnjvid height-growth, the most 
hiisliy ones, and those jn-odnciiig root-snehers being the worst. 
Tn Buiiue.so teak forests, bamboos which grow- to heights of fift}' 
feet and more within a few weeks, inaj* render teak rc2>rodnction 
iinjjossible, until tlic hanihoos seed gregariously and die, or are 
killed b3' liro.s. 
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2. Clintsijimtion of Vorent IJ’cvv/.s’. 

In clussifying forest wectls, the forester should be guided by 
the following points : — 

{a) Structure of tbo etcni. 

(6) Duriilion of life of tbo weed. 

(<•) Local occiirreneo. 

(d) Proferojico for anj' piirtienlnr soil. 

(f) .Vnioniit of mineral mutter in its asb. 

(/) ])cmnnds as regard light and shade, 

(if) Kind of injury done. 

{//) llelativo amount of injurj*. 

It is highly interesting to note the clianges wliich take place 
in the constituents of tbo soil-covering in a forest according to 
tbo species of tree grown, and the degree of density of the 
cover. 

(a) Structure of Stem. 

Weeds mn.v ho either ivoorli/ or herhaccoua. To the former 
class belong brooms, wbito-thorn, black-lborn, brambles, elder, 
A'c. ; to the latter willow-boi-bs, groundscll, belladonna, fox-glove, 
grasses (except bamboos), sedges, reeds and rushes, 

(b) Duruthn of Li/c. 

Weeds may be either annuals, biennials, or perennials. 

^lost herbaceous ^dants, except sonic gi’asses, arc nnuunls ; 
belladonna and foxglove aro biennials, but tins class is rare 
among forest weeds, and all woody plants are perennials. 

(c) Ltocal Occurrence. 

Forest weeds may be classed ns belonging to the plains, to 
swamps, hills, or mountains. Of these, the flora of swamps 
and. of high mountains arc most specialised. 

(d) Xatiirc of Soil. 

Plants may ho particular, or iudiffereut as to soils. 

The former class is divided into plants special to sand, clay, 
loam, calcareous soil, or to dry and sour soils. It should, how- 
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Utilization. Other 'woods arc indirectly useful ns o'videnco of 
certain pb^'sicnl or chemical qualities of soils. 

"Weeds mn3' also bo useful in the following waj'S : — ^by bindinu 
the soil together on steep slopes or on shifting sands, by mnin- 
tniuiug moisture in the soil and enriching it with their detritus, 
when the weeds nro tall and not too bushy ; by affording shelter 
to tender forest plants in exposed places against frost, dry 
■winds, or insolation ; •\rceds of an erect habit such ns the broom 
are most useful in this respect. Thorny bushes protect all 
kinds of forest plants against grazing animals or deer, and afford 
shelter to useful birds. 

On these grounds forest weeds should not always be extirpated, 
but only when they’ do more harm than good. 

4 . Damage done by Forest Weeds. 

(n) General Nature of — . 

The damage done by forest %reeds is either direct or indirect, 
many creeds being hurtful in both ways. 

Poisonous plants, such as Daphne Mescritim, L., nightshade, 
or belladonna, are hurtful to animals grazing in the forests. A 
dense growth of black-tbom, roses, brambles, &c., is also a 
great hindrance to fellings, and may therefore be considered 
directly hui’tful. 

The indirect hurtfulness of weeds is due to the following 
causes : — 

(i) The matted roots of many weeds increase the difSculty of 
reproduction of the forest, ns in the ease of heather, bilbeny 
and couch-grass. 

(ii) The removal of valuable mineral matter from the soil, 
which thus becomes impoverished, for instance, of potassium 
phosphate in grass-seeds. 

(iii) mechanical injui-y to 3’oung forest plants by aspen, 
sallow, grasses, &c., owing to deprivation of light, heat, air, 
dew, or rain. 

(iv) Injuries by smothering or constricting plants, as by 
honey-snckle, clematis, convolvulus, wild hops, &o. 

(v) Retention of excessive moisture in the surface-soil during 
wet weather, and formation of swamps ; consequent inci'ease of 
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dnvnagcby frosts : all peat plants, and ospccially rtf/ h«/h iii- 

crcaso the swampiness of the soil. 

(vi) A dense gi-owlh of grns.<< m- weeds inaj' prevent dew or 
light rains, which merely dry off the surface of the weeds, from 
penetrating the soil, and is thus very hurtful to plautations and 
sowings during droughts. This maj’ ho easily proved by digging 
up a sod and examining the soil beneath it. Besides excluding 
moisture from the soil, the grasses, &c., draw up the soil- 
moisture from below and transpire it into the air, so that the 
denser tho growth of grass, the drier the soil ])ccomcs. 

(vii) Certain plants produce a sour or dry humus which is 
unsuitable for most forest trees : this is the ease with heather, 
reeds, and other sour grasses and half grasses. 

(viii) Shelter is afforded by gross and herbage to mice and 
insects. 

(ix) Weeds increase danger from forest fires. 

(x) Some weeds serve as hosts to injurious fungi, which may 
afterwards spread to forest trees or to agricultural crops. Many 
parasitic fungi are either most frequently found on weeds, or 
attack agricultural crops only after passing one stage of their 
existence on a weed. 

Thus certain grasses — o.g. Arrhenatheruv} and/1 rcua — spread 
certain kinds of rusts on to cereal crops, such ns Tillctia carirs, 
Tul., and Ustilago carlo, Tul. Purcinia gramims on wheat 
comes from Acculium Berheridis on the barberry ; and oat-rust 
{P. coronata, Corda) from buck-thorn. Foresters should always 
look with suspicion on any fungus appearing on wild plants. 

- Tho amount of damage done to forests by weeds depends on 
their wide dissemination and on tho vigour and special nature of 
their growth. Those are determined by tho locality, tho pre- 
vailing ' system of forest management, and tho state of tho 
weather during the growing season. Weeds are ohiofl}' dissemi- 
nated by winds which carry light seeds and fruits by millions, ns 
for instance, the fruits of GomposiUc ; many birds, especially 
thrushes and blackbirds, disseminate seeds either by peekin'^ at 
the ripe fruit-hends and causing tho wind to disperse tho seeds 
or by eating tho fruits and voiding the indigestible seeds This 
is especially the case with white-thorn. Other birds, such ns 
finches, eat the seeds of many weeds and are so far serviceable 
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irnros ileor, nml other animals also cany seeds about in tlicir 

lur. IJio soetls of many water-side plants are carried doTO Iv 
strcnuis and inundations. 

(b) Dnmarje accouling lu Species of Tree. 

Slow-growing species are more easily injured by Ibe groirtb 

n*'**^* i'«st-growing ones, and of tbese, light-demanding 
species sufler most. 

Ibo folloiring Bcalo shows the degree in which the diffcrcut 
trees sufler. 

.syi-r macA /row weeds .—OBicr-^vUlo^^s, oak, ash, dm, 
chestnut, silvcr-lir and spruce. 

v ^ jnf>o, s3-cnmore, alder. 

biijcr still less .•—Hornbeam, trco-inllows, larch, Scotch and 
black pines. 

Siijh r least : — ^Kobinia, species of Sorhus, Pyrus. Pninus, 
on-ch, aspen and other poplars, sallow. 

This scale, of course, will vary for different localities which 
suit certain trees bettor than others. 

(c) Systems of jManayement, 

nla?ted^m!7 natural regeneration, or artiliciaUy 

favours the sm ''T r clear-cutting system, which 

lavouis the spread of weeds in the highest degree. 

cutthi/T^f' ^amp, rich soils, after a clcar- 

cutting, a dense growth of grass and weeds sprin-s up in a 

poiphvi-^°of fo^sJoves and groundsel on the 

the^bLIb Thunugerwald; balsams and -n-illow-herbs on 

— spiZ brooms and genista on sandy soils 

nlaS^l ^ This can only be cx- 

Srmant of these weedLemain 

the“ ee, «V ' ' T , when the removal of 

the trees allows enough heat to reach them. Jhumin.r or the 

m^v d'l^ '“'“f 0° the soil, after a clenr-felhhg, 

Sus keeu°rr % ™ tbe soil, and 

“ **“ "=>‘0'=“ "ia- 
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(d) Age of Wood. 

Forest trees are most oudangorod by weeds iu the first fow 
years of tboir life. Forest cultivations, therefore, suffer most of 
all, and of these, sowings and natural rogonerntiou-aroas more 
than iilantings. Wlicro weeds abound, very small transplants 
shoiild not be used, and frequently four or five-year-old plants 
are preferable. _ 

Some poles and coppice-shoots, and especially osicr-uillows, 
arc attached and frequently killed by climbers and parasites. 

In tropical countries trees of all ages are liable to be killed by 
the strong woody climbers and twiners which abound in the forests 
of these regions and attain several feet in girth, and may mount 
to the top of the highest trees, depriving their cromis of light 
and bending down and breaking polos with their weight. Tho 
turners also constrict trees, moulding their 8te2ns into cork- 
screw shapes, and iu tho case of trees with a sapwood, tho 
passage of sap may bo so interfered with, that the trees are 
killed. 

(o) Locality. 

Fertile, fresh, and moist soils, espociallj- on basalt, produce 
more weeds than soils over diy sandstone rook. Damp air also 
favours the growth of weeds, as can bo seen from tho vigorous 
weedy growth on mountains. Fortunately, on good soils, tho 
groW;th of forest trees also cuables them to got out of tho reach 
,of the weeds sooner than in unfavourable localities. 

(f) Density of Forest Growth. 

The growth of weeds which have taken possession of tho soil 
after a felling, makes way for a covering of moss, needles or 
dead leaves, after the forest has been reconstituted. When ago 
again begins to open out tho wood; or when, owing to bad 
management, or to accidents, thin places and blanks appear, 
M-eeds reappear in direct proportion to the amount of lijrht ad- 
mitted to the soil. 

(g) Weather. 

Damp warm years are most favourable to a growth of weeds, 
and during such years tender forest species require little or no 
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shelter. Hence for both these reasons weeds are then most 
hurtful. 

(h) Habit of the Weeds. 

Perennial weeds, and especially those which produce root- 
suckers, are much w'orse than annuals. Also those ndth dense 
foliage and those -which are gregarious injure forest plants more 
than scantily foliaged and solitary growing weeds. Species 
such as hlack-thom, aspen and forest-willows soon get the 
upper hand of other weeds. 

Weeds which by their decomposition yield diy or acid humns 
are also hurtful, as they produce soil unsuitable for forest 
vegetation. Dry humus formed of lichens, &c., contains little 
carbon dioxide, easily crumbles, decomposes with difficulty 
and absorbs very little -water. Acid humns, on the other 
hand, does injury by exhaling marsh-gas, and by containing 
certain organic acids which ai*e detrimental to tree life. 

5. Protective Hides. 

The following rules for keeping down forest weeds should be 
observed : — 

(a) Maintenance of the Density of the Forest. 

Great care must be taken in the shelter-wood systems, on 
soil liable "to become weedy, that the fellings are not too open. 
The seeding-fellings must be dark, and the secondary fellings 
made gradually. All blanks should be filled in -with strong 
transplants. 

(b) Moderately Long notations. 

Dong rotations should be avoided and woods of light-demanding 
species (oak, Scotch pine, or larch), should be under-planted at the 
right time uuth shade-bearers (beech, silver fir, spruce, ito.). 

If a Boil-protcction-wood is to sei-ve its proper purpose, it 
must be introduced before grasses have sprung up and helped 
to dry tho soil. 

(c) Hapul'lltcplanting of Cleared Areas. 

Clear-cuttings should be rapidl 5 ' rc-stocked with strong trans- 
plants planted closely. 
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(d) Maintenance of SoiI-Coverin(j. 

The natural soil-covering of dead leaves, needles or moss 
slionld be maintained, by keeping np a dense cover, and by pre- 
venting tlie removal of litter. 

(e) Drainage, 

Drainage should be canied out on veiy damp localities, 
before they are re-stocked. 

(f) Grazing. 

A dense growth of heather may bo kept down by sheep. 

(g) Jrtvles for Forest Nurseries. 

Nursery -beds should be weeded before the weeds blossom, and 
during rainy weather. Burned sods should be used as manure, as 
this destroys the seeds of weeds. Manure from old manure 
heaps is often full of nettle-seed, and when burnt compost is not 
strong enough for a nursery, artificial manures should bo 
used. Such manures arc largely used in German forest 
nurseries. 

Spaces between plants may be covered with moss, dead leaves 
or sawdust. This prevents the soil fi-om caking and retains 
moisture neoi' the surface, and thus replaces completely tho 
expensive processes of working the soil, weeding and watering. 
In damp places, bui-ned compost inti’oduces liver-wort (Mar- 
chantia polymorplia, L.), but this does no harm to the plants. 

6. Remedial Measures. 

The nature of remedial measures to be adopted depends on 
the habit of the weeds, their degree of development, and 
the nature of the locality. The simplest measures will often 
suffice, but sometimes special measures must be taken as 
follows : — 

(a) In order to remove too great a soil-covering of grass and 
herbage, cattle may be admitted, or the weeds may be pulled up 
or cut down, always before the blossoming period. In very bad 
cases the hoe or plough may be used all over the area, and tho 
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Innd made to produce n field-crop Ijcforc being restocked «ith 
forest growth. The cutting of gi-ass and herbage may bo profit- 
able, or the cost of the operation iit least covci’cd by the sole of 
the produce. The weeds when mixed with lime ma}' be col- 
lected into heaps, and then yield valuable manure for forest 
nurseries, or they may bo burned and their ashes spread over 


the soil. 

(b) If the soil is covered with short woody plants they maj 
be mowed down or pulled up, as in the case of heather, rasp- 
berries may be simply beaten down, and soft woods cut off at 
about one foot from tbo ground, or tbo woody plants may be 


girdled close to tiio ground. 

Fio. 178 a. This cutting should bo done in July, at the 
height of the growing season, when their powers 
( of reproduction are least, as there is then least 

J reserve-material in their roots and rhizomes. lu 
I coppice and ooppice-uith-standards, inferior species 

I such as blackthorn should be cat out several years 

4 before the underwood is felled. 

'I (c) To remove the coating of lichens and moss 

5 from trees, w’hich close their lenticels and de- 

I privo them of air, various instruments may be 

used, as showm in the figures ; but this would 
Tnsc-soraper. only be done for specially valuable trees or m 

orchards. A mixture twenty parts 


Fio. 179. 



Steel-mre bmUi. 



by weigjit of wood-asbeB with one 
part carbolic acid may^ also be used. 
This is boiled and smeared on the 
stems with a brush, and in a few 
days’ time all the lichens will fall off. 
Lime-water has the same effect, and 

t 

also destroys insects. 

(d) In Indian forests, woody clim- 
bers are cut periodically, and especial- 
ly two years before fellings, as they 
then rot and no longer bind trees to be 
felled to others intended to remain 
standing. 
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Section II. — Speciatj Account. 

1. List of Forest IFeeds. / 

The following is a list of tbe weeds most Imrtfnl in the forests 
of Central Europe, with an account of tho special means of com- 
bating them. It is better to consider them in order of their 
demands on light and the amount of injury they do, and not 
according to their systematic botanical arrangement. 

The following groups occur ; — 

IJght-elcmanders, which generally spring up on blanks and 
clearings. 

Half-shadcbcarcrs, occurring in the interior of woods as soon 
as they become too light. All slu'ubs and herbs belonging to 
this class grow all the better in the open. 

Shadehearers, springing up in more or less closed woods. 

Weeds of wet or turfy soils. 

Clivibcrs. 

Parasitic phanerogams. 

Weeds acting as hosts to injurious fungi. 

In each group, first the woody species ond then herbaceous 
ones will be considered. 

2. Light -demanding weeds. 

These weeds injure forest plants by overtopping them and 
excluding light and other atmospheric infiuences, or by ocoujiy- 
ing the soil with their roots, or in both ways. They may also 
produce a humils which is unfavourable to forest growth. 

(a) Broom (Gytisus scojiarius. Link.). 

This evergreen shrub attains four feet and more in height, 
and prefers deep sandy or loamy soil; it springs up on clear- 
ings in mild localities, and is foimd throughout Europe. The 
seed may remain dormant in the soil for many years. 

Broom, when not growing too densely, may be useful to 
young broad-leaved plants, such as oak-saplings and stool- 
shoots, by affording them shelter, but it is very destructive to 
one- and two-year-old pine and larch sowings. The best remedy 
is to uproot the young broom at its first appearance, or it may 
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1)0 out oir nt niid'Atotn, ^vlioii flu* stornst dry up nud do notslioot 
out ngntn. Its roinovnl may ropny the cost, as it is used (:■: 
litter, fuel, mid for mnhiii^ hronms, hedges or thntch. It may 
ho browsed down by shoop. In Italy, between the Alban anl 
Snbinc mountains, regular crops of broom arc cultivated vritb 
rotations of five or six years, and used for fuel. 

( 1 ») Oentifit, Jj. 

There arc scvei'nl species of (renistn, termed in Englanl 
dyer’s-wced, needie-fnrze, &c.. which may be treated libe 
broom. 

(e) IVihl liriar (Jtoin). 

There are several species of wild briar, the commonest being 
lioM cum'nn, Ij. They* spring up wherever the soil is not loo 
wot, both in plains and hills. Their greot power of sending ont 
suckers renders them very injnrions to forest growth, niitl Iho 
best way to got rid of them is to pull them np by the roots. 

(d) Common TJiip and Ilralher. 

Ling (paUtina vnltiarin, Salisb.), Scotch heather {Erica cincrca, 
L.), and cross-lonved licnthor {E. Tclralijc, L.), ns well as other 
species of Erica, cover large areas, the first chiefly in Central and 
Northcni Europe, the second in Western Europe, from the 
south of Spain to Norway, and the Inst to the west in Sonthem 
Europe, hut in the north extending eastwards ns far as Sweden 
and Livonia. They grow in very variable soils, but prefer sandy 
tracts, csj)ecinlly when poor and dry. A luxuriant growth ef 
heather is a sure sign of a poor sandy soil, which may have 
bccomo impovorisbed by bad management. Heather is inju- 
rious not only by filling the ground with its roots, and ex- 
cluding atmospheric influences, but also by producing as it 
decay's an unfavourable humus, on which only' pines, birch and 
aspen thrive. It is highly inflammable in the spring, and when 
burning in diy windy' ivcatber may cause extensive conflagra- 
tions in coniferous forcst.s. 

It reproduces itself chiefly by seed carried by the wind, and 
less by suckers and shoots. 
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Tho best racnsurcs for getting riel of oxcossive hcfttlicr-growth 
are as follows ; — 

(i) ^laintain a close forest growth. 

(ii) Graze the heather clown by sheep, but this can only be 
clone as long as tho heather is young and tender. Old, tough 
heather will bo eaten by sheep only ns a last resource; thc^' 
will prefer young forest plants. 

(iii) Cut down or mow tho heather, specjinlly strong scythes 
being used for tho purpose. This should bo clone either early 
in spring or late in summer, in order to kce]> tho soil somewhat 
l)rotccted against the heat of summer and the winter's cold. Tho 
material may be used as fuel, thatch or litter, or made into 
brooms. 

(iv) Burn tho heather in situ. This inn}' be done when 
there are no forest plants in it, tho destruction of which should 
bo avoided, or immediately after a coppice felling. Fire-traces 
of suiUcieut width should be made around the areas to bo burned, 
and the bui'iiing should be done on dry, still clays in March or 
April, tho lire beiug lighted to leeward, or downhill, and closely 
watched. 

(v) The ground may bo 
strixipcd of sods containing 
the roots of the heather 

I 

and cultivated, if advisable, 
before planting it up with 
Scotch pine. The instru- 
ment shown ill Fig. 181 is 
used for this purpose. 

(e) nirch. 

The two species of birch 
{Bctula alba, L., ami Jl. 
pH?<c«cc/<s,Ehrh.), the latter 
preferring boggy ground, 
are sometimes hurtful in coniferous forests, ns their hard, whip- 
like branches break off the tender spring-shoots of conifers. 
Owing to their rapid growth when young they may also bo 
prejudicial to young oak plants, but may also act as useful 
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nurses to tlio latter against frost and drought. As birch has 
usually a number of collum-bnds, it should ho cut below the 
level of the soil. 

(f) Other Light-demandinft Weeds. 

The best remedy for the remaining light-demanding weeds 
is to effect natural regeneration of the wood, or to rcidniit it, if 
clonr-cut, as soon as possible. They ai’O St. John’s-wort {Ilypcn- 
ct(in) ; balsam ijmpatiens NoU-mc-tangcrc, I/.), which groAVS in 
damj), fertile soil, in masses often a yard high and oA’er large 
areas: Avillow-herb (Epilobiim angust\folium,Jj.) on similar soil, 
the seed of which appeal's to remain latent for a long time, and 
is carried far and ivide by the wind; groundsell {Senccio), spring- 
ing up in masses on sandy soils, the seed carried far by irind 
(these xdants also act as hosts to parasitic fungi); hawkweed 
(Jlicraeium) Atropa Belladonna, L., on fertile damp soil in 
shady mountain forests of Em'ope and Asia (Himalayas), is I'ery 
poisonous ; foxglove {Digitalis) may grow in such masses that 
the hill-side apiiears red, both B]iecies, D. purpurea, L., and 
the yolloAV one, D. grand ijlora, which is not indigenous in 
Britain, are poisonous ; Verbascum, four species found on dry, 
stony ground ; nettles {Urtica nrens, L.), an annual, and the 
perennial nettle, with strong rhizomes (17. dioica, L.), are fre- 
quently troublesome in forest nurseries ; wood-rush {Lusula), 
four species common in mountain forests. 

Grasses deserve a separate parngi-aph. The most common 
injurious lands aro : — Species of bent-grass {Agrostis ) ; Aira 
coespitosa, Xi., and A, Jiexuosa, L. ; j\Iclica ciliafa, L. ; Bheep*s 
fescue {Festiica ovina, L.), and other species of fescue ; couch- 
or tAvitch-grass {Agropprum (Triticum) repens, Beaur.); iyme- 
grasB {Elymiis arenarius, L.) ; mat-grass {Nardus strieta, L.). 

The damage due to a thick growth of grass is of seA'eral 
kinds : the soil may become matted with its roots, which may 
prevent the seed of forest trees from reaching the ground ; young 
groAvth may be choked, the soil dried up, or moisture kept in, 
and frost increased; damage may also be done by mice <inr? 
insects which shelter in the grass. When grass gvoAi’s densely 
it is a sign that the forest is too thin and admits too much 



3JRAMBLES. 


359 


light. Twitch flourishes in sandy soils, creeping in all direc- 
tions through the soil and filling it with rhizomes ; it may even 
penetrate roots of liwng plants, and thus interfere with their 
gro-wth. 

Weedy places may be treated ns already stated for heather, 
and are best recruited by menus of transplants. Twitch is got 
rid of by repeated ploughing, and by collecting and burning its 
rhizomes ; three years grazing on land where it grows is very 
useful, as finer grasses then gi’adually replace it. 

I 

3. Half-shatlchcarcrs. 

These are all woody plants, except the last two. 

(«) Blackthorn {Pniniis spinosa, L.) is common on moist, 
loamy and clay soils, and on marls, and ascends to 3,000 feet 
in mountains. It stands frost better than whitethorn, and 
replaces it for hedging in very frosty localities. It sends out 
roots and suckers, and has a s^weading root-system, and does 
much harm in regeneration areas and among coppice. It is 
best to dig it uj) by the roots in clearings, or put it back 
several years befoi-e coppice is felled. 

(h) Brambles (Jivbus fruticosus, Jj,). There are numerous sub- 
genera of this species, termed blackbeny or dewberry bushes, the 
latter (J?. ctesias, L.) growing in moister localities tlian the 
common blackberry, which prefers well-drained soils and hedge- 
rows. 

Brambles frequently cover large areas in fresh and moist soils, 
sending out new suckers every year. To keep down these wide- 
spread pests of the forester seeding-fellings should be dark. 
Admission of cattle is also useful. In case there be a dense 
• growth of brambles on the gi-ound it should be trampled 
down' round the ]>lants which require ijrotection, or be beaten 
down with a billhook. They should be cut ns little as possible, 
as this only increases the production of suckers. Plants which 
they are crowding should be set upright, and their brnnchlets 
placed over the brambles. If this be done early in the summer 
then little will be needed in the autumn, but it may be neces- 
sary to repeat the operation the succeeding year ; by the 
second winter the plants will probably get out of reach of the 
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brambles. Cutting or digging up the brambles is expensive, 
and not so effectual as the above procedure. Where a reproduc- 
tion area is overgrown with brambles, and there is little natural 
regeneration, it will be better at once to plant up the urea. 

(c) Saspberry (Rubm ideeus, L.). This grows chiefly on 
fertile but stony soils rich in humus. Its habit is straight, 
and it does not produce such dense growth from suckers as the 
bramble, but may become dangerous, and should then be treated 
similarly to the latter. Grazing has a very repressive effect on 
the growth of raspberry canes. 

(d) Tfliitetliorn {Gratagus Oxyacantha, L.). 

Whitethorn is not particular about locality, and is widely 
spread up to altitudes of 8,000 feet. The j-ich shoots and 
extensive root-system of this slow-gi’owing shrub, which attains 
a height of 20 feet, aa‘e destructive to young conifers, but in 
forests oj)en to grazing it protects oak, ash, maple, and other 
broad-leaved tz'ees until they have gronm above it, when it forms 
a thorny defence around them until they are too largo to be 
injured by cattle. It also forms capital hedges, beax’ing trimming 
Well, and shelters the nests of many useful birds from small 
carnivora and other enemies. Where it is -harmful to j'oung 
growth, it should be dug up in cleanings and thinnings. Various 
thorny hushes in India similarly afford great protection to 
bamboos and other valuable species in grazed forests. ^ 

(e) Other Shrubs and Bushes. 

The wild goosebeti'y-bush (Ribes Grossnlaria, L.), elder 
(Sambucus), guelder rose {Viburnum Opulus, L.), wayfaring 
tree (V. lantana, L.), the spindle tree {JSuonyinus eurojjoius, I«.), 
and privet {Ligustrum vulgare, L.) are widespread, the latter 
and Viburnum Lantana, L., chiefly on calcareous soils in hills. 
None of these plants are, however, particnlorlj' hurtful to young 
forest growth cxcejit the herbaceous dwarf elder (Sambuciis 
Ebtilus, L.), which grows in masses from rhizomes in damp 
places. Daphne Mesereum, I#., is a small shrub growing in 
hilly and mountain woods on damp soils, and is highlj* 
poisonous. 
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(f) Forest Willows. 

Sallow i^Salix Caprea, L.) floarishes on fresli soils in plains 
and Mils, bat will also grow on dry soil and in mountains up to 

5.500 feet, attaining at times the dimensions of a small tree ; 
it sends out numerous stool-shoots, but has a shallow root- 
system, so that it may he easily pulled up by the hand, as well 
as the other willows mentioned below. 

Sidix cinerea, L., a variety of the sallow, is a smaller plant of 
a shrubby nature ; it sends out suckers on damp soils and along 
water courses ; ascends to 3,000 feet. 

Salix aurita, L., resembles the sallow in its habit, but sends 
out suckers, ascends to 5,000 feet, on wet or dry soils. 

Salix repens, L., is a small, straggling bush, growing chiefly 
on turfy and heather land, and also near swamps ; ascends to 

3.500 feet. 

AU. these willows when hurtful to forest growth should be cut 
back or pulled up in cleanings and thinnings. 

(g) Aspen (Poptdtis treniula, L.). 

Aspen is a tree which is disseminated throughout Europe, 
except in the extreme south, up to 70® N. latitude, and 5,OOQ 
feet altitude ; ‘ it is often very hm-tful to valuable forest plants 
owing to its rapid growth and abundant production of suckers. 
The roots of a felled aspen, wMch spread far from the stump, 
close to the surface of the ground, remain living for years 
after the parent tree has been removed; they then send up 
numerous suckers from adventitious buds after the wood in 
which the aspen formerly grew has been cleared. The aspen is not 
particular as regards soils, but can grow on cold wet soils and 
is frequently found in frosty localities, as, for instance, on 
the London clay in Epping forest. 

Cutting down the suckers is of little avail, as is also extracting 
the stumps and longer roots of felled trees, but completely 
girdling a standing tree gradually dries it up and eventually 
prevents the formation of suckers. 

The aspen is also a host for. an injurious fungus, Melampaora 
Trcinulte, which, in the forms Ccaoma pinitorquum and C 
Lands, attacks pines and larch, and will be described further on. 
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(ii) Bilberry (Vaccmium Myrtillus, L-) 

This is a small shrub growing throughout Europe up to 
6,000 feet altitude, in masses, on fresh, damp, and even 
somewhat sour soil. It may also he found on dry sandy soils, 
but not on calcareous ones. It prefers a slight shade, especially 
of pines. When it appears in masses it denotes insufficiency of 
stock and deterioration of the soil, and the surface-soil becomes 
choked with its roots. Its berries are, however, valuable for 
maldug alcohol and preserves. 

The cowbeiTy (Vaccininvi Vitis-^Idtea, L.), is an evergreen 
plant, growing on loose, damp, sandy soils in high, cool places ; 
it is social, and has a distribution similar to that of the bilberry. 
A dense groAvth of either of these species hinders natural 
regeneration and increases the difficulty of artificial restocking. 
Thei'e is then no alternative but to take up these plants in softs, 
beat off, in situ, all the soil attached to their roots, and renlo^e 
them. Planting is better than sowing where they prevail. 

V, itUginosum, L., is found on swampy land and mountain- 
tops, and the cranberry (F. Oxycoccos, L.) on peaty soils. 

(i) Ferns. 

The commoner kinds of ferns found in forests are : (Poly- 
j>odium vulyarc, E.), Beech feim (P. Phcgojftcrls, L.), ilale fern 
(Nephrodium Filix-mas., Bich), Lady fern {Athyrium - Filix- 
feemina, Bernh.), and Bracken (Ptcris aqiiilina, L.). 

The above prefer damxi and stony ground, and their appearance 
denotes a fertile soil, as well as a slight opening out of tho leaf- 
canopy. They spread above and below gi'ound often to the 
prejudice of young forest plants, by causing excessive moisture, 
and deprhing them of light, and by being lu-esscd down on them 
in a rotting state in winter by the snow. This frequently kills 
ligbt-demauders. 

In the case of bracken, tho best plan is to knock off tho soft 
j’oung shoots in early summer, which can easily be done before 
they’ have unrolled. Dried bracken is largely used in England 
and elsewhere for litter, and in the Eorest of Dean, repeated' 
cutting, in August instead of October has greatly \vf 
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the rhizomes of the plant, so that only a short weak erop is 
produced, ns oompnved ^Yith that in the ^\'’ind8or and New 
Forests, where it is cut later in the autumn. 

(k) Mosses. 

Two species of hurtful mosses are common in forests : Poli/- 
frieJmm commune, L., and P.junijmrimiin, 'SV. They form dense 
couTcx tufts in damp places, which may be distinguished at n 
distance hy their darker green colour from the paler and more 
spreading mosses, Hypnnm and Htflocominm, which form u 
useful soil-coYoriug in forests. They are chiefly found in high 
forest, and especially in spruce woods, and do harm by favour- 
ing excessive moisture in the ground and hindering the germina- 
tion of seedlings. The tufts should bo turned over and broken 
up. 


4. Shadehcarhuf IVccih. 

These are all woody plants. Alder-buckthorn {Jihmnmi'y 
Fravgula, L.) is common throughout Europe on damp ground, 
and chiefly in lowlands ; it produces many suckers, and is 
spread much by birds which eat the berries. It is used for 
gunpowder-charcoal. 

The common buckthorn {II . cutharticus, L.), is n thorny shrub 
with spreading roots and many suckers, found on similar soil 
to the former, and along banks of streams. 

Both lands may be dug up during cleanings. 

Dog wood {Cornus sangttinea, L.), on fertile moist soils, 
ascends to 52,600 feet in mountains, and sends out numerous 
stool shoots. The wood is used for skewers and was formerly 
employed for arrows. 

Holly {Ilex.aqinfolium, L.), a large evergreen prickly shrub 
or small tree, found chiefly on good damp loam or loamy sand • 
it coppices well. Where it abounds it is possible to plant onlj* 
strong transplants between the holly bushes, and the latter need 
constantly cutting back, until they are no longer danfrerous. 
Holly makes excellent hedges, but' requires plenty of humus. 

Night-shade {Solaniim Dulcamara, L.), a small shrub growing 
in shady, damp, low lands and along banks of streams, elimbin° 
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. „ Fio. 182. 

(a) Traveller’s joy {Clematis Utalla, 

L.) is widespread tlirougliout Europe, 
chiefly ou hills and . 

half-shadehearer and attains a heig 
20 feet, climbing up stems, hushes, an 
rooks. The shoots may strike root whei 
ever they rest on soil, and the plant some- 
times groivs in masses and is angero 

to young forest plants. /Tmii- 

{b) Honeysuckle or w'oodhin ( ^ 

com Periclymenum,'L-), a twiner grmving 
in hedgerows, edges of woo^, and insi 
woods throughout western Europe ; it is 
found on damp soil and chiefly m 
lowlands. A half-shadehearer, twimng 
round saplings to a considerable hei , 
and thus producing 

stems as iuEig. 182 . 

are available, it covers the grou 
. the herbaceous plants growing ^ 

does much damage to valuable sapling 

in coppice-with-standards. L. 

folhnn, L.. with connate upper leaves is 
common in southern Europe, and ha« 
become wild in certain localities fuitl^ei 
north; it has similar habits to th 

former. , , t i - r* 

(cl Bind-weed {Coiivolnilus, L.) . O. 

^ ^ T chiefly found in faelds and 
arvcnsis, B., cnieuy i i,pa«»ea 

.vaste places; C. scpvnn, E-. in hedges 
and thickets. Both species are extremely 
troublesome in nurseries and in osier- 
heds, as theh rhizomes fill the gi’onnd, 
and their shoots twine round and bear 

^“maSwSeoMpXso”*” Ccm,olmdm.^.) i» ohieSyfonnain 
fields and waste plnees, and tas siimlor habits to *0 

To deal with these pests, the ground when toe should he 
trenched, and the soft whitish rhizomes of the bind-weed col- 



WoodbinB climbing spiral- 
ly round a young Bpmee and 
partly enclosed % the wood 
of the latter. 
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lecfced nnd buiTied. It is difficult to do tbis tborougbl)', ns tbe 
roots go down to 18 inches in tbe soil. 

((Jj Wild bops (^Hitmulus Liqmhts, L.). Tbe bop is found 
in damj} places in lowlands ; it twines from right to left up 
woody plants and drags them down. 

(<•) Tbe common ivy (Hedera Helix, L.) is widely distxibuteJ 
and extends over Europe, Northern Asia, into India and Japan, 
and North Africa. It climbs trees, i‘ocks and walls by means 
of its adhesive rootlets, xvbich however suck no nutriment from 
the host on which it is growing, but merely support the ivy. 
The smaller forest variety is said not to flower, and sometimes 
covers the soil of a forest. Matthieu considers it hurtful to 
forest trees by interfering with the passage of the sap, and by 
covering the crowns of trees with its foliage, and it certainly at 
times constricts oak and other saplings and poles, like the 
honeysuckle. The ivy, however, rarely ascends higher than the 
middle of the crown of a tree, and may be useful in preventing 
the formation of epicormic branches on standards. It dries fhe 
surface of walls on which it is gi'owing, and also the soil nbon 
creeixing over it. Ivy sometimes attains veiy large dimensions, 
a plant at Montpellier being 460 years old and 9J feet in 
girth. 

7. Parasitic jdtancrogams. 

(a) Mistletoe {Viscum alhiivi, L.). 

This interesting plant lives as a semi-parasite (obtaining 
carbon from the air, but water, nitrogen, and mineral matter 
from the sap of its host) on many conifers and broad-leaved 
trees, and chiefly on their branches. The hosts, or trees 
on which it lives are, most frequently, the apple-tree, both wild 
and cultivated v'orieties ; 'next, the silver-fir ; frequently, birches, 
lioplars (except aspen), limes, willows, Scotch pine, mountain- 
ash, and Tvhite-thorn ; occasionally, robiuia, maples, horse- 
chestnut, hornbeam and aspen. 

It is v'eiy rarely found on oaks. The alder, beech and spruce 
appear to be alway'S free from mistletoe, and it very rarely attacks 
pear-trees. _ 


* Flore forestiirc, 1877, p. 173. 



It is comniojicr in Southern h'nrope thnn in the Xovth, nnd is 
extremely nhnndnnt where 
cider is made. In' th<‘ 

Ilimakynn dist rict s of Indin . 
it is common on apricot 
trees, which arc the com- 
monest fririt-trcps there. 

Its white herrios arc oaten 
hy birds, chiefly by the mis- 
sel-thrush [Tiirthiif rinnvn- 
ri/K, L,), and the seeds arc 
either rubbed by the beak 
against branches of trees, or 
voided on to them ; the seeds, 
owing to the viscous nature 
of the pulp sui-rouuding 
them, then become attached 
to the branches. 

The plant sends down 
haustoria termed shihrrs 
through the hark as far as 
the wood. It also emits side 
shoots, or cortical roots, into the bast, chiefly in the longitudinal 
direction of the branch of its host, and these do not gi-ow down 
into the wood. The gi-owing point of the cortical root obtains 
nourishment from the bast, but docs not injure the cambium ring ; 
the cortical root sends down ns far ns the wood fresh sinkers 
which also absorb nourishment, and upward shoots through the 
bark into the air, and these, like the original sub-aLhial shoots, 
ramify and become covered with foliage, and bear fruit. The haus- 
toria elongating outwards like medullary rays become deeply im- 
bedded in the lYOod of the host by the growth of the latter, and 
the older part of tlie cortical root gets gradually driven outwards 
by the growth of the bast until it is cut off by the formation of 
corky tissue within the bast, when it eventually falls off with the 
older bark. The sinkers thus losing connection with the living 
mistletoe die inside the wood by which they are gradually sur- 
rounded. As they are formed of soft tissue, they soon decompose 
and eventually disappear, leaving a series of holes in the wood. 


I’ic. l$-i. 



.Iffr riitriim,!,., nttu-toil ky MWIcloe Im). 
(/•Vrfiircrf. ) 
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'J*his <l.viiip of tlio cortirni root Ik qujpicor in the Scotch pine 
than in tho silver-lir owiiij; to tlio earlier formation of rhtftidmc 
or true Imrk in tho former. 

The portion of the liost to which tho mistlotoc i« nttncheil 
gonernlly hwoHm owing to n siipjil}' of cnrho-h.vdrntcs heiiig 
ahyorhecl h v it , partly from the iniatlctoc. Where only a branch is 
attacked, the dninngc done to forcat trees is not svorth mention- 
ing, blit when this extends to the stem, the wood beconic.s 

Pin. 161. 

•n 


ric. JS.S. 


Silrei^fir wood 

IKTfoiutcd by ini’- 
tlctoc, tlie Imni- 
toria of wliicli 

Silver-Er {«) attacked by MUtIcioo («i). tt) AunanI have fallen out. 

shoot (6) opposite icaves of latter. {A'atuml sire.) {Xntirml sfcr.) 

technically injured, being no longer suitable for timber, and is 
liable to bo broken hj* tho trind. 

Extensive damage is thus sometimes done in old Scotch pine 
and silver-fir forests, owing to neglect in removing infected trees 
in the thinnings ; nearly everj’ tree in a compartment may then 
be attacked' bj' mistletoe. 
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As a I'cniedial measure, pruning off tbc mistletoe is no use, for 
tlic cortical root sends out new slioots, which break through the 
hai’k of the host and develop into new plants. The only radical 
plan is to prune off the whole infected branch and cover the wound 
with tar, or to cut down infected trees in the thinnings. For fruit 
trees, and in nurseries, the former method should be adopted. 

Mistletoe makes good fodder for cattle, and for roe-deer 
in winter. Steamer loads of it are sent from Normandy to Lon- 
don for Christmas decora- 
tions. 


(b) Loranthus curojueiis, L. 


This species chiefly attacks 
oaks, Querens Cerris, L., Q. 
scssiHJlora, Salisb., and less 
frequently Q. pBdunculata, 
Ehrh., and Castanea vulga- 
ris, Lam. It is found in 
Austria and Saxony, but not 
in the north of Europe, and 
chiefly on the branches of 



Fig. isy. 



Zoyantkua curopaiui, Jacq. Fig. ISS reduced, fig. 187 natural skc. 


standards over coppice. The main difference between the 
growth of this parasite and mistletoe, besides its outward 
appearance with bright yellow berries, is that the side shoots of 
the first haiistorium occur in the cambium and sapwood and not 
in the bast, and continue to grow parallel to the woody fibres of 
its host, sending out no sinkers. These shoots terminate in a 
wedge which looks as if it split the wood ns it proceeds, but at the 
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commencement of their second season, they can no longer pro- 
ceed except in the cambium, now further outward, and therefore 
grow from a new growing point above the old one ; this occurs 
at the commencement of each season’s growth, so that a scries 
of wedge-shaped steps are produced in the sapwood of the host. 

Places on the host where the parasite is exposed to the sir 

swell up into masses 
as big as a man’s head, 
whilst the branch of 
the host not only suf- 
fers in growth, but 
frequently dies. The 
damage done is there- 
fore greater than by 
the common mistletoe. 
The seeds are named 
on to the trees by 
birds, and chiefl}' by 
themissel-thrush. The 
younger portions of the 
shoots of this poi'Bsite 
absorb from its host 
water, nitz'ogenons and 
mineral matter, while 
it partially nourishes 
the host with carbo- 
hydrates formed by its 

Quercus eerris, L., with two Zomnthus parasites OWn aerial branches. 
(1). (a) Swellings produced hy the parasites. (6) There are manj' spe- 

Stiinted leader of the oak which will eventually die. . , _ 

oies of Loranthm m 

India, which grow on vanous species of forest trees ; these they 
seriously injure, and infected trees should be cut out in thin- 
nings. Fortunately, infected trees are not generally found except 
along the borders of a forest. 

(c) Dodder (Ousctita, Tournef). 

There are several species of Cuscuta, of w'hich C.Epithymum, 
L., is the commonest in Britain, growing chiefly on furze, 
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thyme, ling, &c. ; and also on clover and lucerne ; whilst C. 
Einlinum, Weihe, chiefly grows on flax ; and C. ouropcea, L., 
on hops, nettles, vetches, &c., and also on many trees and 
shrubs, such ns hazel, willow, poplar and blackthorn. 

The different species of dodder germinate in the ground, but 
speedily die unless they become attached to weeds or agri- 
cultural or forest plants, on which they climb and pierce down 
to their woody bundles by means of haustoria, or sucker-like 
roots. 

The plants attacked by these parasites are killed or weakened, 
or bent down by the weight of the dodder, and much damage is 
thus done in India to young fruit- and avenue-trees. 

Of European forest plants osier-willows suffer most, as an 
abnormal growth is produced at places where the haustoria have 
pierced the cortex of the host, thus rendering the osiers unfit for 
basket work. 

In the case of agricultural crops, care should be taken to 
obtain seed free from dodder-seed, and where the dodder attacks 
osiers, the shoots with the dodder on them should be cut as 
deeply down as possible at the beginning of the blossoming 
period (end of June and beginning of July) and forthwith 
burned. This operation should be repeated in consecutive years, 
as seeds of the dodder may remain 2 and 3 years dormant in the 
ground. Hares spread the infection by swallowing the seeds and 
passing them undigested ou to the ground. 

As dodder spreads from forest plants and hedgerows, where it 
is very freq^uent, to crops, its destruction is urgent from motives 
of general utility. 

8. Forest weeds acting as Hosts for Injurious Fungi, 

The common barberry {Bcrberis vulgaris, L.) is a shrub 
widely spread over Europe, both in the lowlands ahd mountains 
generally along the edges of forests. It grows even on poor 
sandy soil, soon attains a height of 12 feet, and sends out its deep 
root-system in all directions. It is very hurtful as the host of 
wheat-rust {Puccinia graminis, Pers.), and should therefore 
never be used to form hedges. ' 

Puccinia graminis forms yellow lines of sporangia on the 

B B 2 
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blade of wlieat and other grasseB which afterwards become 
reddish-brown, and in this way the nourishment of the plants 
attacked is interfered with and the crop reduced. It lires 
alternately in the form known as JEcidiwn Berheridis, Pers., on 
the barberry, the spores of which falling on cereals and other 
grasses hibernate as P. graminis, the spores from which re-infect 
the barberry, and so on. Another form, P. coronata, which also 
forms a rust on cereals, and especially on oats, arises from 
j^cidium RJiamni, forming golden yellow swellings on Bhaynmis 
cathartictis and R. Frangula, the two species of buckthorn 
already descidbed. 

Species of Senecio harbour C'oZeospoj'ii/Mi Senccionis, Fr., which 
alternates in the form of Peridermium Pini acicola, Pers., a 
fungus attacking the needles of Scotch and other pines, and 
described further on. Species of Colcosporhon growing on 
JEuphrasia and Tiissilago also prodaoB pine-needle blister. 

The aspen (Poptdus Treviula, L.) has its leaves infected with a 
fungus, Melampsoi'a Treimda:, so that its foliage may appear 
quite golden-yellow in August, and then rapidly fall. The 
sporophores of this fungus on aspen leaves eventually turn dark 
brown, hibernating on the fallen aspen leaves, and in the spring, 
the spores infect Scotch pine and larch with the fungi. The 
alternate forms, Cceoma x>iniiorquvm, A. de Bary, and C. Laricis, 
R. Hrtg., will be described in the next chapter. 

Vaccinhim Vitis Ideea, I,., acts as host to Mclampsora 
{Calyptospora) Goeppertiana, Kiihn, which, growing on the 
stem of this plant, develops spores infecting the needles of 
silver-fir w’ith JEciduim cobtmnarc. Alb. 

The forester should always look wath suspicion on weeds or 
shrubs in his forests which may be infested with fungi, and if 
the injuriousness of these fungi to agricultural crops or forest or 
fruit-trees is proved, he should if possible eradicate the wild 
plants on which they first appear. 


9. Classification of Forest Weeds according to their Powers 
of Injury to Forests. 

Hess has classified forest weeds as very injurious, less, and 
least injurious. As the amount of harm that weeds occasion 
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varies greatly with oircumstanceB, it would appear to be sufficient 
to give the following list* of the most injurious forest weeds. 

WooDV Plants. 

Broom (To conifers). 

' Heather. 

Brambles. 

Mistletoe. 

Loranthus. 

Blackthorn. 

Birch. 

Forest Willows. 

Honeysuckle. 

Aspen. 

Heubaceous Plants. 

Grasbes. 

Bracken. 

Sphagnum. 

Dodder. 

Bind-weed. 

Epilobium. 

And other tall weeds when growing in masses. 
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CHAPTER IJ. 

rnOTKCTlON AGAINST rUNOI. 


SncTjoN I, — GirNKiuL Accorxr. 

1. Posit iott of Pnupi in the Vcyrtahlc Worlil. 

LANXS Iieloiijfing' to the lowest division of cn'pfoffamons 
plants— which is termed Tholfophi/ta, and inchidcs ninoiiff other 
fomihes iMrterm and fnnpi-hnro at most only rndimentan- 
d.rtercntiat.on into stems, leaves, and roots; and consist of 

harclouod ***'*'**^ " ““3'» liowovor, in certain cases hccoino 

ImSrLr"””',""!.' ^ lission-tmigi, from Uiolr 

Mstingof CdllB (Uo aiamotoro of .vlricl, «ro osunlly coosidorobly 

ibvuf"" oro porosk or onpr<; 

pbj t 0 oj, orgomo oubstayes, „.,a rmJor oort„i„ ky 

MimMo and couoc Urgbly mfooliooo diocosoo ouch as obolsra, 
malaria, typhoid fever, <tc. 

recently published some papers in the • 

nre^?^- iT*i proving that sunlight is 

prejudicial to the growth of bacteria, which cannot therefore thrive 

hnweV’^ organs of plants; certain bacteria, 

rot viri Hartig, cause bulbs and potato tubers to 

na/ ^ o“Jy disease in European trees hitherto 

aocertamod to bo dao to baoloria ooouro h. tbo oato of 
/lalejjcnsts. Mill. 

By their presence in the soil, bacteria gi-eatly assist vegetation 
by decomposing and dissolving organic refuse, and the fact that 
a forest soil when exposed for some time to the action of the 
suns rays becomes less fertile than when it is constantly 
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sheltered hy trees is in complete accordance with Ward’s 
researches. 

As already stated, bacteria, and certain fungi as well, also 
protect forests hy killing insect pests in enormous numbers. 
The only thallophytes which cause serious injury to plants are 
therefore fungi, which are also devoid of chlorophyll, and there- 
fore obtain their nutriment from other, dead or living organisms. 
In the former case they are termed saprophytes, and in the 
latter parasites. Another class of fungi obtaining itjs nourish- 
ment from humus, but becoming attached to and rendering 
abnormal the roots of many trees and shrubs, deserves notice. 
Fungi growing on the exterior of other plants may be termed 
cinphytie. 

The number of known fungi is very great, over 5,000 ; here 
only those which affect the growth of forest plants will be 
considered. 

2. Glassification and Importance of Fungi from a Forest 
Point of Vieic. 

(a) Saprophytic fungi. 

As saprophytic fungi live on dead or dying organisms, they 
do not cause disease, but follow or accompany an already 
diseased condition of their hosts. Fortunately, the majority of 
known fungi belong to this class. Fungi which are saprophytic 
in certain cases, as Agaricus mellcus on rotten stumps of beech 
and other broad-leaved trees, may be parasitic on other trees 
such as conifers. 


(b) Parasitic fungi. 

Parasitic fungi attack healthy plants, and either cause a 
sickly condition or actual death to their hosts. Some parasitic 
fungi subsequently become saprophytic in tissues which they 
have killed. 

(c) Epiphytic Fungi. 

Among these the family Titheracci deseawe mention as they 
sometimes form underground mycelia in soils rich in humus, and 
thus cover the roots of Cujndifcra:, conifers, willows, limes 
and other plants, to the exclusion or modification of their root- 
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absorbinD* rmt •<■• * fungus bas tbe power of 

plants on which injure the 

plants can feed theses bfl 

atrzLt f^f • ^-“?g tXisZii;, a!: 

ao.e to foXri ‘rr’ a.n.age^W„, 

if not imnosaihl effective, it being often difficult, 

remedy c“rre d ’- /"”;^"‘ l^owever, no 

which break out '^^ilioat studying tbe causes of diseases 

of fungi injurious to°rnr importance of tbe study 

should be able tn i must be admitted. The forester 

supposed. A few remarks on mycology is pre- 

of fungi are, however nrlx * n i»fe-lnstory and distribution 

cannot be aapLX“tl.‘’‘°‘’‘ 

3 . jliocle of Life of Fungi. 

unicellSa^^orfOTmed^^or^ ^ithoit chlorophyll, and are either 

yoast. of s^X oouT^f ““a- “ ta 

which may remain undivided n *2(P*<e with apical growth, 

*>y -ptu, or transver^fm^^ta^L 

reproductive structures ”wh^h forms of their 

common mushroom • but the*^n^ generally sub-aerial, as in the 
^ om, but the mass of the hypha, grows and 

* See Frank’s Lekrbncli der Botnnik, 1803. 
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spreads through living or rotten wood, in humus, or other media, 
forming a collective growth termed a viycelium. The mycelia of 
fungi may consist merely of branching hyphse, but large masses 
of mycelium are sometimes formed in hollows of rotten wood, 
as by Polyporus sulphureiis, Fr. 

The reproductive organs of fungi are often formed on special 
branches of the hyphae termed sporoplioree, certain cells of 
which produce myriads of isolated cells or spores, which on 
escaping into the air or soil are capable under suitable conditions 
of giving rise to new individual fungi. Spores may be produced 
either sexually, or asexually by division, the latter mode being 
by far the commoner, the spores thus formed being termed 
gonidia. For an account of the formation of sexual spores 
special books* may be consulted. Among them are certain 
thick-walled spores termed oospores, or resting spores, which 
are rich in nutriment and may remain dormant for prolonged 
periods, as in Phytophthora o)nnivora. 

As a rule gonidia only remain for a few days in a condition fit 
ZQ germinate and pi’oduce new individuals, but they appear in 
immense numbers in the air or soil, are of microscopic size, and 
are sometimes carried for miles by wind or water, or even by 
men and animals. The sexual spores are usually larger than 
the gonidia, better protected and richly provided with protoplasm, 
and in certain cases may remain alive up to 8 or 4 years. 
Gonidia and sexual spores germinate as soon as they meet with 
favourable conditions of temperature and moisture ; it may be 
laid down as a general rule, that gonidia serve to reproduce the 
fungi in great numbers, while the resting spores carry on the 
species over winters or prolonged dry seasons. Fungi do not 
usually require the same amount of heat as the higher plants for 
their development, and their fructifying organs are usually most 
numerous in October. As already stated, they may be either 
saprophytic or parasitic, while some fungi are epiphytic, living 
on the epidermis of leaves or shoots, and merely piercing into 
it from time to time with delicate minute haustoria, or root- 
like ramifications of the hyphje, which are devoid of any root- 
cap. The mycelia of parasitic fungi live on or in the tissues of 

• Dr. K. Goebel’s Outlines of ClassiBeatiou of SpeoiBl Morphology of Plants 
Tinnslatioii by H. E F. Gainsoy, Oxford Clareudon Press, 1887. Do Bury Mor- 
phology and Physiology of Fungi, ice., s.ame translator and publisher. 
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living plants or animals, tbeir spores gaining admission into tlie 
former through wonnds, lenticels or bark-cracks, or through the 
stomata of leaves or young shoots, or the soft growing points of 
roots. There they germinate, and emit tender thin-walled, 
generally colourless h3'phiE, which, when very young are filled 
with protoi)Iasm ; but cell-sap or bubbles of air soon occupy 
part of their lamina, the protoplasm then merely lining the walls 
of the hyphaj or dying away altogether. Oil may also be found in 
the hyphtn, especially when they pass through tissues of the host 
which are rich in reserve-material. This oil is frequently of a 
golden-yellow colour, as in many kinds of rusts on leaves or shoots. 

The hyphie grow by their apices, and their terminal cells are 
always rich in protoplasm. In the case of parasitic fungi, the 
hyphas may grow either in an intercellular manner between the 
tissue elements or in the resin-ducts and other intercellular 
spaces, merely sending their liaustoria into the Inmina of the 
tissue-elements, or, if the hyphaj are furnished at their apices 
with a ferment capable of decomposing the cell-walls, they them- 
selves penetrate through the cell-walls of their host, and thus 
pass from one cell to another. As they proceed the younger 
cells of the hyphsu procure protoplasm from the older cells, in 
which eventually nothing but air is left. 

The walls of the hyphaj are at first alvvaj's soft and colourless, 
but when older they may be considerably thickened and coloured 
brown or greenish-blue, as in rotten spruce- or beech-wood. 
Sometimes the hyphre unite into compact bundles with hard 
walls, termed rhizomorjjhs, which resemble roots, and serve 
to carry the mycelia through unnutritious or dry media. Those 
are very conspicuous in Agancus melletis, L. Hyphre also some- 
times unite into small tuber-like bodies termed sclerotia, which 
have thick cell- walls, and are richly supplied with protoplasm and 
oil, which, as in Rosellinia qtiercina, B. Hrtg., may remain for 
some time dormant and resist desiccation, but under favourable 
conditions develope new mycelia or sporophores. 

In this way the mycelia of jjarasltic fungi live on the tissues 
aud nutritive material of their host, and interfere with its tran- 
spiration and assimilation ; they also dissolve the cell-walls and 

oir contents, often causing hypertrophy or excessive for- 
mation of ce^llB, and chemical change in the cell-wall. In the 
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latter case they cause the death of the host. Insects frequently 
attack trees which have become weakened by fungi. ETentually 
the fructifying organs, which are characteristic for each species 
of fungus, break out on leaves, twigs, bark or at the scars of 
dead branches, sometimes through perforations made by barlr- 
beetles, sometimes on the roots of the host, or on rhizomorphs, 
as in Agarieus mcUeus, L. Innumerable spores issue from the 
sporophores, some of which find suitable resting-places, and the 
fungus-life recommences in fresh hosts. 

Most fungi are very transitory, and their life occupies only a 
few months or weeks. In the case of others the resting spores 
hibernate, and the mycelia of some fungi may live for two, 
three, or many years. Most of the destructive forest fungi 
have the latter character. The polymorphy which exists in the 
case of certain fungi requires an explanation here. From the 
spores of certain fungi the same form does not always appear, 
but sometimes one perfectly distinct, unlike the parent fungus and 
living on a different host ; its spores may even produce a third 
form, though eventually the original fungus is reproduced. Thus 
many fungi, formerly considered os distinct species, are now 
recognised as being merely stages in the development of one 
species. The most highly organised of these stages, in the case 
of any species, is considered to be that which bears sexually 
fructifying organs or their equivalents. Fungi which thus grow 
in different forms on different hosts are termed heteroscious ; 
some, how'ever, go through all their forms on the same host. 

4. Distribution of Fungi. 

✓ 

The spread of fungi is favoured by certain conditions of the 
weather and locality. It depends chiefly on heat and moisture, 
light being prejudicial, many fungi growing in the interior of 
trees or in the ground. Fungi can flourish and become 
numerous only under suitable conditions, so that in damp years, 
and especially in damp sheltered localities, they thrive better 
than in. dry years and exposed places. Thus, in a wet June, 
Cccoma pinitorqtinm is most destructive to pine trees. 

Parasites attack not only weakly plants but the most flourish- 
ing individuals. The conditions whicli most favour their spread 

damp air and wet soil — are, however, unfavourable to many 




All coniferous trees, especially Scotch pine, Iltfmenomijcetcs. 
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*1. AgaHcus melleus, L. 

(a) Description and Mode of Attack. 

The honey fungus (Agaricus melleus, L.)s which is one of the 
commonest in the British Isles, causes a well-known disease 
amongst conifers. The symptoms are : — ^Yellow colour in the 
needles, which gradually diy up and fall ; the shoots wilt ; the 
base of the stem swells up and the hark peels off, whilst turpen- 


gr 



a Root of ,1 Scotcli pine killed 1>y 
Ar/arietis melleut, L. a Rhizomorpli, 
external to root, -n'liich it bores at a. 


Fig. 189. 

l3 



pine ; its left-hand branches are ahitc. 
and resemble ordinary mycelia. 


tine exudes freely, clogging together the soil around the tree ; 
the bark decays and fibrous fungoid tissues appear in the soil, 
seldom deeper than four inches, which are termed rhizomoi-phs. 
These latter are persistent mycelial hyphro like sclerotic fibres, 
and resemble branching roots ; they sometimes anastomose. 
"White ribbon-like bands of mycelium are formed between the 
bast and sapwood and in hollows in the dead bark and bast, and 
often spread like a net ; mycelial strands which pass into the 
soil from these white bands are round and dark-bromi rliizo- 
moiphs, which may also develop betw'cen the w’ood and tbo 
cortex. 
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Plants wliicli have been niincked cvontiially die, and when 
young generally in the first year of the disease. If the dead 
plant bo examined microscopically il Avill be found that the bast 
and cambium hayc been deslro 3 'ed, the rosin-ducts arc full of 
hyphaj and enlarged and deprived of resin ; fine hyphie also 
proceed along medullary raj's towards the centre of the tree. 
Starch is transformed into turpentine which flows from the tree. 

The edible sporophoios first come to light in great numbers 
during damp weather in October, at or near the base of the dead 
trees, and spring from the rhizomorphs. 


K«.. ISO. 



Fig. 191 represents a sporophore. Its cap varies in colour 
from that of honey to a dirty brown, with dark, hairy scales ; 
Its lamellffi are yellowish-white, and become later on speckled 
with reddish-brown. The cylindrical stem of the sporophore is 
at first dull red, and bears a fiocky white ring. The sporo- 
phorcs emit myriads of white gonidia, which spread the infee- 
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tion to other coniferous plnnts uiid to dead broad-lcavcd species, 
on which it is saiirophj'tic. 

The rhixomorphs grow in all directions through the soil, and 
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FuIly-groTin spOTopliore of Agaritwt 
mdleus. r Hhizomorph. {I^atural rise.) 


by means of their soft apices 
bore into tho roots of neigb- 
bouring plants and trees, which 
"they eventually kill. In dense 
young growth, whole groups of 
plants maj' be thus hilled and 
considcrnble blanks produced. 
In old woods, the attack is more 
confined to individual trees, and 
the disease spreads several feet 
up their stems. 

(b) Subjects of Attach. 

Tho fungus attacks all in- 
digenous or exotic conifers, 
cspceinlly tho Scotch and Wey- 
mouth pines and, tho spruce ; 
the larch not unfrequently 
Buifers, but the black pine 
rarely. Plnnts may be attacked 
from four to a hundred years 
old, but especially between four 
and fifteen years. In dense 
sowings and multiple plantings 
tho disease is at its worst, 
eqiccially when the wood was 
originally stocked with broad- 
leaved trees on which the 
fungus is saprophytic, such 


ns beech, oak, hornbeam, 
birch, species of Pyriis and Pruniis* &c. The fungus also 
attacks timbers of bridges and other forest-works. 

The stumps of broad-leaved trees left in the ground of a plan- 
tation form nurseries which propagate the fungus. Plants which 
A. melleuaia said b3' Hartig to be sometimes p.nmsitic on species ot Pnmtts. 
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lire nttackcd gcnomlly die either between April nnd «Tul 3 ’, or from 
the middle of October to the end of Noveraber, nnd frequently the 
honltbicst and most ilourishiug plants suconmb. It is diillcult 
to recognise plants which are attacked until the year before they 
die, when their needles turn pale nnd their shoots arc stunted. 


(c) Profectirc Jiitli's. 

(i) All stumps nnd roots of brond-lcnvcd trees sliould be 
thoroughly extracted before plantations of conifor.s are es- 
tablished on the site of a broad-leaved wood, and where the 
disease has once appeared dense sowing.^ of conifers nnd mul- 
tiple planting should be avoided. When the disease shows 
itself — 

(ii) All plants which are attacked must be dug up with all 
their roots nnd the rhizomorpbs and burned. Should this 
produce a blank, the giound must be thoroughly trenched and 
all strands of rhizoraorphs exti-actcd before it is replanted, nnd 
then it is best to plant brond-lcavod species. 

(iii) Small isolation-trenches should bo dug round ])lnuts, or 
groups of plants which have been attacked, so ns to localise the 
injury and prevent a further spread of the rhizomoiqdjs. The 
trenches should bo far enough from the attacked plants to 
exclude all rhizomoiqdis from the healthy trees. 


* 2. Traiuvtvti radivipcnUi, R. lirtg. 

(a) iJescrijttkm and mode of A ftaek. 

This parasite, which is very destructive in pine nnd spruce 
forests of North Germany, and is not uncommon in the Rrilish 
Isles, causes red- or root-rot in the Scotch pine, spruce and 
other conifers, and has been found on old stumps of birches nnd 
beech which have been injured by mice, although it is probably 
not parasitic on broad-leaved species. Trees attacked by it 
are eventually killed. 

The infection usually comes from the diseased roots of a 
noigbboTU’ing tree, but also from gonidin. I’he colourless soft 
mycelium is more delicate than that of A. mellcm, resembling 

VOL. IV. c c 
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tissue luiper, nml is clcvclopccl in the hast and Avood of tliu 
root-system of trees. 'J’he walls of the bast and AA-ood-colIs are 
bored and disintegrated bj* nunicrous hj’phit' until the roots 
become totally rotten. The rot proceeds from an infected root 
upwards into the stem and from the collar dowiiAvards into the 
hitherto sound roots, only in the Scotch pine docs the resinous 
root-stalk form an impediment to the ascent of the mj'celium. 
In spruce -Avood, the presence of this parasite is decidedly 
shown by the appearance of black spots surrounded by white 
colour in the siiring-AA’Ood. OutAvai-dly the mycelium penetrates 
cracks in the bai-k, in the form of small yolloAA-ish*\Ahitc tufts. 


I'n:. 1P2. 



Sporopliorc of Trainetcs rarUcipertiit, K. Ilrtg., on n Scotdi pino root, 

The sporophores arc chiefly on the root-stalk, but also on 
the roots either in the form of incrustations or masses like 
yelloAA’ or snoAA’-Avhite grapes. Under favourable circumstances 
of gi-OAvth they may assume the form of brackets. 

The disease generally sjircads rapidly, turning the Ai'ood first 
broTATi and then Avhite and causing large hoIloAA-s in it. By the 
artificial infection of six ten-year old Scotch pines, fiA'e of them 
were Idlled in a year and a half. 

(b) , Subjects of Attack. 

The fungus has been obsei-ved on the Scotch and Weymouth 
pines, the spruce, silver-fir and juniper, of all ages up to 90 
years, and on Scotch pine transplants from fiA'e years old. It 
may cause extensiA'o blanks in coniferous Avoods, which spread 
centrifugally from a centre of infection. Its spread is favoured 
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by mice iintl other nnimiils whieh cnrry the spores in their tnr. 
Trees which nre nttnckofl have pale neotllos niid stunted shoots, 
«s in the case of --I . nn'llciix. ' 

(e) Pmfertirc Jiitlcu. 

(i) !Mixing hroad-loiivetl trees with conifers. 

(ii) ilomoval of all infected trees, as soon ns they arc noticed, 
and filling up the gaps by hrond-lcaved species. 

(iii) Digging up and charring nil roots Avhich show traces of 
sporophores. Hess considers isolation-tronche.s of little use 
in this case, ns they only favour the production of gonidin from 
the exposed hyiihro. linrtig, however, considers it ]iossihlc to 
scrape the walls of the trenches free from gonidin, though this 
could probably he done only in isolated cases of the disease. 
Isolation ti-cuclies will at any i-atc prevent the infection of 
healthy trees hy contact between their loots and those of 
diseased ones. 


’3. TranteU'H Pint, Vr. 

(n) Dearription ami vwdc of - I iiarlc.' 

Tlio mycelium of this fungus develops in the henrtwood of 
the Scotch pine and other trees- The spring-wood of the nimnnl 
zones becomes grndnally reddish brown, with mimcrons regnlnrly 
distributed perforations coated with white, and at length dis- 
appears. The remainder of the wood, and especially the resinous 
autumn-wood remains intact for some time, hut eventually 
succumbs so that the tree may become completely hollow. As 
the mycelium develops most rapidly lengthwise along the infected 
ring, wo lind zones of attacked and sonnd wood alternating and 
forming a Idnd of cup-shape. The rotting wood, except in the 
slightly resinous silver-fir and in spruce branches, is generally 
bordered by a zone rich in resin which prevents the outward 
spread of the m 3 'celium. 

At the soars of dead branches in the case of an infected pine 
■or larch, or anywhere from the bark of a spruce w silvcr-fir, 
bracket-Hke brown sporophores eventually appear and emit 
spores which may germinate on fresh wounds, unclosed by rosin, 

c c 2 
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on other trees. Such wounds may he caused hy wind- or snow- 
breakage, by mischief, or by careless pruning. The hyphte 
resulting from these spores pass along the branch-wood enclosed 

in stem to the heart of the tree usually leaving the sapwood 
unaffected. 

This disease is commonest near villages and towns where 
forests are much exposed to mischief, and also in forests liable 
to wind- or snow-break. 


Fic.. 193. 



a Sporophore of Tramitnpini, BV., oa tlie smooth coitcx of a Scots!, pine. 


(b) Subjects of Attack. 

Trametes pini is prevalent on trees from forty years old and 
upwards, as it does not generaUy attack sapwood owing to its 
tui-pentme, and because wounds in young trees are usually soon 
closed with resin. It attacks the larch, spialce, and sil4r-fir, 
as well as the Scotch pine. In the silver-fir, decay spreads to 
the youngest woody zones which contain little tuipentine. 

he sporophores may become very old, up to sixty years, and 
^tain large dimensions. The technical value of the wood is 
|rea% leapau-ed by the disease. The fungus is common in the 

Th^^“w n a Germany, and in the Harz and 

Thi^mger-Wa d and South Heimauy, chiefly on the spruce. 

and larch woodl It 

occuiB in the Bntish JbIcs, 


(c) Protective liulcs. 

(i) Pruning living branches of Scotch pines which already 
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contain LcartwooA must be abnndonccL Living bmnches may be 
pruned up to thirty years of ago, ns they contain no licnrtwood, 
and the infection is loss liable to occur in young wood. In any 
case prunings should bo clcatt cut with a saw, and, in the case of 
silver-fir, at once tarred over. 

(ii) All infected trees should bo removed during thinnings. 
In this way the sporophorcs may bo destroyed and the spread 
of spores hindered ; also wood of diseased trees may be utili;!cd 
before tho decay has gone too far, as it is at first frccpiently con- 
iined to the upper part of a tree. 

4. FiiiKji eanshtff Red- or White-Rot. 

A short account will here be given of certain fungi, which 
assist in causing rod- or white-rot in standing trees, the origin of 
which may however bo due to certain bad conditions of the soil. 

Til the case of red-rot, the substance of the cell-wall is dis- 
solved by a ferment contained in tho protoplasm of the hj’phaj of 
tho fungi and a residual substance consisting of gum, tannin, 
mineral matter, &c., remains, which owing to the oxidation of 
the taunin assumes o rcddish-brouai colour. 

Rcil-Rot is caused by tho following fungi : — 

(a) Volyporus raporttriiis, Fr. 

On spruce and Scotch pine and rarely on silver-fir, both roots 
and wounds above ground being attacked. AVood attacked by 
this fungus becomes dark-reddish brown and full of rectangular 
cracks, as in tho case of il/civ/iiJis lacrimnnii which causes dry 
rot in timber. AA'^hen rubbed between the fingers, tho rotting 
wood falls ns a yellowish dust. Snow-white branching 
' mycelia several yards long are formed ; the sporophorcs form 
white incrustations". Tho spores gain entrance to tho trees 
through wounds, and the fungus is also common on beams in 
buildings. 

(b) Polyporm Schivcinitzii, Hrt:;. 

This is termed P. mollis, Fr., by Hess, but Hartig has now 
given tho correct name as above. It is found on Scotch pine, 
and also AVeymouth pine and larch. Resembles (a), but no 
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white branching mycelia occur. Sporophores reddisli-brom 
brackets. 

(c) Polyporus mlphiireus, Fr. 

On the larch ; it is also a veiy common parasite on several 
broad-leared trees, and will be described further on. 

White rot is produced when the ferment of the hyphie decom- 
pose the lignine of the ceU-walls, leaving the white cellulose 
untouched, which accounts for the light colour of the decom- 
posed wood. Some of the causes of white rot are the 
following : — 

(d) Polyporus borealis, Fr. On the spruce ; the wood turns 
brownish-yellow, and chai’aoteristic radial grooves appear in the 
spring-wood which ore filled with white mycelia, the latter 
haring a strong tendency to spread horizontally. The sporo- 
phores are annual, bracket-shaped nnd-frequently in tiers. 

(e) Polyporus Hartigii, AIL, named P.fulvm, Scoi). by Hess, 
but corrected by Hartig. It produces white-rot in the silver- 
fir and rarely in the spruce. It is frequently associated with 
silver-fir canker, described further on, its spores entering the 
wood by the cracks in the cankerous swelling. The wood 
becomes yellowish, and if clean-cut, appears intersected by 
numerous white longitudinal bands. Narrow dark lines appear 
at the junction between the sound and rotting wood. The 
mycelium is yellowish, at first grooving stronglj’’ but becomes 
later on very fine. The bracket-like sporophores are yellouish- 
brown above, ashy-grey below and almost smooth, t 

The best preventative of P. Hartigii is to fell cankered silvcr- 
fir in thinnings, t 

I 

*‘5. Peridermium Pini, Lev. var. corticola. 

(a) Description and Life-history. 

Scotch pines infested with this disease, which is very common 
in the British Isles and called jpinc-Wfstc/’, are termed foxy trees 
_ by English foresters. , 

The disease may be recognized by the compressed orange- 
yellow coloured little tufts of the eecidia, or sporophores, which 

+ Fora fnither account of icd and n'liitc rot, see p. 664, et seq. 
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break tbrou-p'h tbc bark of l«-nnchcs mid stems of the Seolcb 
pine in Juno, and evontnnlly burst and set free tboir spores. As 
u rule, only biirk infected in tbc previous year produces iccidia. 
The mycolinm of the fungus grows perennially in the bark, bast 
and incdnllary rays of its host, ■and throngli the latter may 
penetrate into the wood to u depth of 
■ a hand. 

The mycelium converts the starch 
in the wood-cells into tni'pentino 
which becomes infused in the tissues, 
and cuts off the supply of sap. Every 
year it spreads chiefly longitudinally 
from the diseased to the sound wood, 
so that the canker which is covered 
with resin constantly increases in 
size. The sap being confined to tbc 
sound portions of the wood, prodnees 
abnormally large annual zones on 
the side of the tree away from the 
canker, and when tbc infection lias 
gone nearly round the tree, its cromi 
dies above the point of attack, some- 
times within a year, hut in other cases 
a long period up to sixty or seventy 
years may elapse before the ci’own is 
killed. 

Hot dry summers accelerutc the 
death of the crowns of infected trees, 
ns the wood surcharged with resin 
cannot pass on enough water to sup- 
ply the loss by trauspirntiou. Although the summit of the tree 
is dead, the lower part of it may continne to live, provided there 
arc enough living branches below the canker to nourish the tree. 

■\Vhetbcr or not infection must always proceed from a wound 
in the cortex of the tree is ns yet undetermined. Parts of 
the stem older than 20 to 25 years appear incapable of being 
infected. 

The alternate host, of this fungus is not yet k)jowii, but an 
allied fungus, Pmtirminm Corniii, which causes a somewhat 
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similar attack on Scotch pines, has an altci'natc form, Cro- 
nartUim asdepiadnim on Aselcpitis vincctoxieinn. P. Strobi 
attacks Weymouth pine, its alternate form being Cron.nibieolum. 

(b) Suhjectft of Attack. 

Scotch pines of all ages are attacked by pine-blister, but 
preferentially 16 to 20 years old poles. It only attacks organs 
two or more years old, and is commonly found at verticils of 
branches and in the crown of the tree. It has often been 
observed in mixed forests of pine with beech or hornbeam, 
where the branches of the broad-lcarcd species, swayed by the 
wind, hare rubbed off the bark of the pines. 

The disease is well Imoum all over Suropo west of Poland. 

(c) Protective Measures. 

Fell infected piues as soon as the disease is noticed. > 

6. Ccsorna pinitorquum, A. de Baiy. 

(a) Descrijition and Life-history. 

This fungus is developed, especially in North Germany, in 
the cortex of the young shoots of the Scotch jiine. Before they 
have attained their full length, at the end of lilny or beginning 
of June, long yellow sporophores of the fungus appeal', which 
eventually turn reddish-yellow, and become raised like cushions 
until the epidei'mis of the host splits and so allows the dis- 
semination of the spores, whilst turpentine exudes from the 
split. As the growth of the pine-shoot is checked at the split, 
but goes on uoi'mally elsewhere, the infected part becomes, 
concave, and the healthy part bends over it. If the attack 
is slight the sickly place may heal over, and the branches 
recover their erect position. Often, however, splits follow one 
another so frequently that the shoots become twisted in various 
directions. At length it may happen that the bark is attacked 
all round the shoot, the supply of water is then cut off, the 
needles turn yellow, and the shoot dies towards the end of June 
or in July, hanging down as if it were frozen. 

The plant, by sending out several side-shoots at the base of 
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Spring p 1 iooI«i of Scolcli pine al Incised by Cnnma jfinitnrqvniit, Dc liny. 

Part of sliool in middicof .Tune Kiilirc riioot (P> eluding ici'm. Tin- iifullfi 

witli sporopliores («). Jinvc Iwii pulled otT. 

the lost Icaclcr, cntlcuvourB to replncc it ; l»ut tlicsc shoots 
usually become infected in succeeding j'Ciirs. The inyeelium of 
the fungus grows in the green cortex and hppoines ])prcnninl in 
a jdant which is once attacked, while sporophores nniumlly 
appear in the spring-shoots, except in very dry springs. I'he 
infected wood becomes brown down to its pith. 

This fungus alternates as Mclamjtiiora Trcmnhc on the leaves 
of the asxiou, which produces resting-siiorcs or trJeiitoKpores ; 
these hibernate on the dead aspen leaves, and produce pm. 
mycrlia in the sin-ing from which spores develop, which llicn 
infect young pines. 
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fb) Subjects of Attack, aud Distnbutiou, 

' This fungus chiefly attacks young - 1 to in 
pine, also ^'^eymouth and mountain nf ] old— Scotch 

30 years old; it is most frequent on T*' *rees over 

moist summers. The exemobion e i j und in cold, 

of this fungus is probably due to a T attacks 

of infection; and in older wo^f « from a centre 



W10TJ3UT10N AUAIXST KUUGI. 


yno 


sboots of silver-fir its erect brusb-like growth, rcsombliaj 
the parasitic growth of mistletoe, on the drooping branches rf 
the fir, and by the small j'cllowish-greon needles growing *5 
round the shoot, which fall off in their first autumn. There h 
also a slight swelling of the a fleeted shoot, and in it the 
mycelium of the fungus grows in the cortex and host of the 
host, pnssinginto the j’ounger shoots and needles till tho witches- 
bi'oom dies, the mycelium still living in the cortex of the cnnkeion'! 
swelling, but apirarcntly not in the wood. It does not grow 
dow’n through the cortex of an infected branch into the stein, 
but a stom>cauker is produced when the stem grows over the 
infected base of a hrancli. 



The canker may be distinguished externally by a swelling either 
on one side of, or all round the stem, on which the bark is deeply 
cracked and dark brown, showing here and there a little resin; it 
crumbles away in parts, exposing the wood. It may be found at 
any height on young or old trees or their branches, and may attain 
a large size. The mycelium which grows in the cortical 
parenchyma is the same as that which produces a witcl^s’-broom, 
but the latter is formed only when the mycelium reaches a livin® 
bud. If, however, the shoots are old and have no living buds, no 
abnormal shoot-produotion takes nkce, and the canker alone is 
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formed. The infection nppenrs to Kpriiig from a wonnd in llio 
bIiooIk jifl'ecled. 

Tlic old or oranffD-colourcd locidiu or sporopliores arc formed 


I’lii. aoo. 



Old witclics’-brooin on the Silvci-fii. « Cankcron^ RncIIiog c.iiiicd h}‘ the mycelium 

of the fungus. 
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on the under surface of the diseased leaves. They appear in 
two rows, open-out and emit their spores in June, the needles 
subsequently djunp. The witches’-broom continues growing for 
about 20 3 ’ears, chiefly upwards, and branching freelv resembles 
a mistletoe plant on the usually horizontal branches of a silver- 
fir. It at length dies, and onlj* the canker remains, which docs 
not produce auv sporophore. Hartig has not .yet succeeded in 
infecting a tree artificially by the spores of this fungus, and n 
case of polymorpliy maj* be concerned here, but the alternate 

host of the fungus, if one should 
exist, is jiot j’et known. 

The damage done is direct and , 
indirect, the former consisting in 
loss of increment and depreciation of 
the quality of the wood, as cankered 
wood cannot be used for construc- 
tions. The indirect damage consists 
in increased danger of breakage by 
storms or snow, and a greater dis- 
position to insect attacks and those 
of other fungi, such as PoIifjJorns 
Uai’tiffii and Affuricus adiposiis, 
which I’ender the wood very brittle. 
A iiractical distinction is made be- 
tween sound and diseased cankers; 
sound cankerous trees jdeld some 
pieces of good timber, but badly 
cankered trees are onlj' fit for fuel. 

Several cankers may be sometimes 
seen on tlie same tree, and can- 
kered trees may die outright in hot summers. The canker inny 
live for 50 .years and longer. 



’A 

C.ml.cr on n Silvei^fir nboyt 45 
jears old caused by ^cttiivm 
elatiiiuin. Link. 


(b) Suhjects of Attach and Distribution. 

The disease is everyw'here u-idespread in silA'er-fir* forests, 
and especially in the Black Forest. It is common in Windsor 
Forest. Cankerous stems are found on every soil aifd locality’, 
but the disease is less prevalent on sandy soils and at high 
* Also attacU^ Allies PictUtT, A. iKtlsninen, IConlmnmiinna and 1‘iiisnpo. 
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ftltitudos than on loam or in or near the plains, where tlic 
progi'css of the iliscnse is more rapid. 

The damage in old woods is greater than in young ones 
on ncconnt of the increase in value of the trees, and in ]inre 
high forests than in mixed selection-forests. 

(c) l^roirrlirt' Jiidrj;. 

Mix other species with the silver-fir. 

Prune off the witehes’-hrooma, which chiefly appear on 
young trees, by sawing off infected branches close to the stem 
before the spores arc dispersed, and tarring the wounds, 

Eeinovo cankerous stems in thinnings and prejjarntory 
fellings, and transport them sjieedily from the forest. JCven 
dominating cankerons trees should he removed, and dominated 
trees left to replaec them. 

Old woods full of cankerons trees should he felled before the 
prescribed period, 'riie group-system practised in Baden allows 
this to be done, and it is the most effective remedy. 

10. Ncriria Ciieuyhitiila, Fr. 

(a) Exlmial Sirurtim’ and Jjlfy-hhUmj. 

This fungus produces the sprncc-hnrk disease, and more rnrclv 
attacks the silvoi-fir, Scotch pine, drc. Its oxlcninl SMnptoin's 
are Palo colouring of the needles, the bark and bast turning 
browi and drying up. generally after insect attacks, and less 
fvequcully after wounds from bail or other causes. Xumorous 
little red, glierkin-likc sporopbores appear in the bark, which 
may run into one another like felt. Goiiidin issue from 
them from Lite in the autumn till the spring, and infect sur- 
rounding plants through any wounds they may have, ami spread 
the disease. 

The branching mycelium grows chiefly in the sieve-lubes of the 
soft bast and the intercollulnr spaces hotween tlmm. The 
powth of the fungus is very rapid, hut appears to proceed chieflv 
in the season of rest of the bark-tissues, not in that of theiV 
vegetation. When the fungus has spread all round the stem 
the tree dies, or at least that part of it which is above the 
point of attack. If, however, the diseased tree can retain anv 
sound hark on one side till the ensuing spring, it is saved, for it 
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l>rotects itself bj’ protlncing n corky sbcatli botAveoii tbo sonnd 
nncl disonscd part, Avhicb stops tbo farther progress of tbo 
fungus, 'J’bc dead bark is then thrown ofi‘, and the can- 
kerous place groAvn OA*cr. 

(b) Suhjectit of Attarh, and Dhtrihiitioii. 

The fungus nijpears chicflj' on young spruce from three to 
thirteen feet in height, and both in pure 
spnico woods and in mixtures of spruce 
and beech. It is very eomnioii in frosty 
localities. The gonidia can find admis- 
sion to the tissues only through cxtcinal 
Avounds, AA'bicb arc therefore extremely 
daugcrous in localities Avherc the fungus is 
present. Badlj'-groAA-ing plants are the 
moro subject to its attacks, ns injuries by 
insects or bail heal up less readily than in 
the case of A-igorous plants, and are thero- 
forp longer oxi»osed to the attacks of the 
fungus. 

In 1850, the moth (iraplioUtha paetu- 
lana, Kuhlcr, had raA’uged the spruce 
forests of Bobomia ; damage by this 
insect is, boAA-eA'er, genernllj' only of a 
temporary nature, but in this case, it AA*as 
followed by Ncrtria Cuciirhitida, and great 
destruction of the spruce occurred. It 
has also ai^pearcd recently in the forests 
of Bavaria and "Wurtemberg, but is rare 
in North Germany. 

(c) Protectire Hides. 

S . tt. k a by down young stems and shoots 

yectria cucurliitiila. In. attacked by the fungus Avitli a pair of vine- 

u oiusters of f,i>oroplio«ft> shears in autumn and early AA’intei'. This 
on the dead bark. j 

metlioa does not cause the spores to he 

so scattered as AA’lien the stems are felled with a billhook. 

The larger stems attacked must be felled at tbo same time. 

In both cases all the infected parts sbonld be remoA'ed carefully, 
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„,„1 buBiod m «n onl-oWbo-^y place, as the cporcs 
from any pieces left lymg about. 


easily spread 


Fig. 203. 




Peziza R. Hrtg. 

(n) Dcscrii)tio» and Lifc-lnsiory. 

■m. tog- — « o"” ““ 

symiitoins are as fol- 
lo\YS : — aijpcavanco of 

little s^Yelliugs on the 
stem and brandies, 
chiefly bcloiY the 
croivn; the bark splits 
and turpentine exudes, 
forming light grey- 
coloured patches, and 
the split increases till 
the lYood is exposed. 

Little yellowish -white 
Bporophores of the size 
of a pin’s head appear 
in the cracks. These 
are incapable of at once 
producing fertile 
spores, and merely 
wither away if exposed 
to dry winds. Where 
they are surrounded by 
moist air, however, 
they develop into cup- 
shaped fructifications, 

pde'md Slow, and these give rise to fertile spores, which 
infect other trees. The dead parts of the tree turn black, and 
owing to the swelling of the walls of the canker and the local 
stoppage of the growth, its centre forms a spoon^slmpcd depies- 
SoS a«d the canker itself is spindle-shaped. Sovernl cankers 
may appear on the same tree. ^ ^ 

VOIi. IV. 



Portion of Uarcli-stcm nlUickcil liy Pesiza 
rnilkommu, 11. Ilrtg. 

a Cracks svilli outOow of resm. 6 Sporophorcs. 
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The fungus can gain admission only through womids, fre- 
quently of brachyblasts eaten by Coleophora laricctta, Hbn., or 
due to snow-break, &c. After the entrance and sprouting of the 
spore the richly-branching mycelium traverses the bast, but only 
during the spring, as its further progress is cut off by the 
formation of corky tissue separating the diseased place from the 
still healthy bast. The exj)osed wood exudes turpentine, and 
in the autunm the mycelium gi'ows again from the cambium 
into the healthy bast and increases the size of the canker. 
Fresh layers of cork again cut it off, and the growth of tha 
mj'celium is repented, a protracted contest between the tree and 
the fungus usually ensuing. In the Tyrol, a living larch tree 
has been seen affected by a canker 100 yeai-s old; if, however, 
the parasite grows fast and the larch is not flourishing, the 
canker may in a few years surround the stem or branch, when 
the whole of the tree above the point of attack dies. The 
mycelium may also penetrate to the centre of the tree through 
the medullaiy rays. 

In bad cases the tree loses its needles and spring-shoots, and 
whole branches dry up until the tree dies, especially in damp 
localities, where the sporophores, which are very sensitive to 
drought, develop in numbers on the bark. In such localities 
the cankers may be of reduced size, but the mycelium spreads 
throughout the wood, and the sporophores appear in all direc- 
tions on the bark. 

(b) Siihjccts of Attack, and Distribution. 

The larch-blister or canker is found in localities which differ 
■widely fr'om one another, but is most prevalent in damp places 
■with moist air and in frosty and cloudy localities. The disease 
spreads most rapidly in plains and vallej's and among low hills. 
Trees ten to twenty years old suffer most, hut the attack is rare 
in the case of trees more than foiiy years old. Dense stoeldng 
does not suit the larch, and assists in spreading the disease ; 
sowings therefore suffer more than plantations, and pure woods 
more than mixed woods. Larches growing with broad-leaved 
trees are least liable to canker. 

The disease originated in the Alps, and when during the flrst 
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twenty years of this ccntm’y extensive larch plantations were 
made all over Northern Europe they escaped the disease, even 
when on inferior soils, hut spores of the fungus probably found 
their way down with larch-seed from the Alps, and the disease 
became widespread in more recent plantations. In the Alps it 
is usuallj' confined to individual trees, and docs not ruin whole 
woods ns in Germany, Denmark, and Scotland. 

The reason is that in the Alps there is a sudden change from 
winter to quite warm weather, so that the needles develop 
raj)idly, Avhilst at lower elevations the soil becomes heated at 
the end of March, and the larch needles then appear, but are 
subjected to the treacherous spring weather, and do not harden 
till the beginning of May. During this prolonged period of 
development of the needles they are liable to attacks of Colco- 
phora Laricis and of Chermes Laricis, which promote the spread 
of the canker. In the Alps, moreover, the fertile spores are only 
produced in damp places, near the lakes for instance. 

It is probably everywhere in the British Isles damp enough 
for the fertile spores to be produced, though the disease is not 
yet prevalent in Ireland ; but it is stated that on good fertile soil 
near the Scotch lakes the larch grows so rapidly ns to outgrow 
the disease, even when infected. 

The disease causes loss of increment, and reduces the quality 
of the timber, it encourages insect attacks and snow and wind 
break, and may kill trees outright. "Wherever, therefore, larch 
grows badly owing "to unfavourable soil or climate, it is better 
to give up planting it. 


(c) Protective Rules. 

Great care should be taken in the selection of sites for larch 
plantations; pure larch-woods should be avoided, and larch 
should be given plenty of room. It prefei’s exposed, breozj' 
places on hills and mountains, fertile but not too binding soil, 
plenty of room for root-development, and abundance of dead 
leaves or snow on the soil, so that the ground may not be 
heated and the larch forced into growth early in spring and 
afterwards retarded by the spring -frosts. No tree requires more 
light or room than the larch. All cankered larches should be 

D D 2 
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cut out in thinnings. Plantations badly attacked by the disease 
should be felled and replanted with another species. 


12. Pcstnlozzia Tlartitfii, v. Tub. 


This fungus causes a disease in spruce and silver-fir seed- 


Fik. 20 j. 




Pcridcrmium Pini acicola on Scotcli p5no ncedirr.. 
a Durst sporophorcs. 


broad-leaved species as well as conifers, 
should be at once iiulled-up and burned. 


beds andnurscr^'-lines. 
Its first symptoms 
aro that a number 
of plants turn pale and 
die, and when pullod- 
up it will bo noticed 
that their cortex close to 
the ground is withered, 
whilst above this 
withered portion the 
stem has attained its 
usual dimensions. The 
mycelium of the fun- 
gus may bo found in 
the bark, where the 
contraction in the stem 
takes place, abdsporo- 
phoros spring from the 
point of attack. 

This disease ap- 
pears to attack several 
and all infected plants 


13. Pendermium Pini acicola, R. Hrt*r. 

During April and May, on the one-year or two-years needles 
of young pines of different species, orange-yellow blisters appear, 
about the size of mustard seed, often several of them being in a 
row on one or both sides of the needles. When ripe, they turn 
brown and split, emitting their spoi'es and leaving on the 
needles blackish spots wdth lighter borders. The tnj’celium is 
perennial on the needles, and without killing them, may, during 
the ensuing year, develop fresh sporopbores. The needles die 
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and fall only wlien the disease is very intense. The pinc-needle- 
Wister, as tlie disease may be termed, comes from spores of 
species of Colcosimriitm, a fungus infesting several species of 
Scuecio, or grouudscll, Eujihrasia and Tttssilago. 

The fungus prefers plants 8 to 10 years old, but may attack 
trees up to 30 years ; it is widespread throughout Europe, in- 
cluding the British Isles, but does little harm to the trees which 
it attacks. 

14. ^■Kadiiwi (fbietwum. Alb. and Sclnv. 

This fungus causes a needle-blister which appears on the pre- 
vious year’s shoots of the si>ruce at midsummer, the needles then 
assume a dull rcddish-yellow' colour ; during August, bright-red 
iucidia of the size of a pin’s head project from the noedles, and 
at the end of August or the beginning of September thej' burst 
and emit their yellow spores in a cloud of dust. The affected 
needles, ^Yhich on lateral shoots are usually only on the upper 
side of tho branches, die and fall before the close of the year, 
and tho fungus may be thus distinguished from Cln-ysomija-a 
Ahicih, XJug. Tho alternate hosts of .Eddium ahietinitm aro 
several species of rhododendron in tho Alps, and Ledum jfaiiistre 
in Finland and parts of North Germany, and these plants cai-ry 
the disease through tho winter. Spruce trees of all ages are 
affected, cspcciallj' in the iUps, from an altitude of 1 ,000 metres 
to the highest limit of spruce, where whole spruce-woods some- 
times assume tho yellowish-red colour. The disease is also very 
prevalent in Russia ; no practical remedy has been devised 
against it. 

15. A^Jcidium columnorc, Alb. and Schw. 

.Ecidia break out in July and August on both sides of the 
mid-rib of silver-fir needles, in tho shape of long yellow blisters 
full of spores. This fungus nltcrnatos ns Melampsora Goep- 
pertiann on tho cowberry (Vacrhn'um Viiis-Idtea) which causes 
that plant to become abnormally" tall, with a thickened spongy 
stem, at first whitish, then rosy-red, and eventually dark brown. 

The fungus kills silver-fir noodles and causes them to fall, but 
it is not widely spread and becomes dangerous only when youn«» 
thickets of silver-fir spring up among cowberry i>lants, when tho 
latter should bo uprooted and destroyed. 
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16. Chrysomyxa Ahictis, Ung. 

(a) Description and Life-history, 

This form of spi'ucc-ucedlc-rust may bo recognized by doll 
yellow bands appearing from 3May to the middle of June on year- 
ling spruce needles. 


Fia. 205. 



Spnice twig attacised by Oltrytomym Abietis, Ung., in antiinin. (^’irtural size.) 

They graduallj' become broader and assume a brighter yellow 
colour. Towards the end of August brownish longitudinal 
stripes appear on the affected needles which by November 
assume a golden-yellow colour, and swell up slightly on one or 
both sides of the mid-rib ; the fungus hibernates on the ti’ee in 
tbis condition. The swelling becomes greater at the beginning 
of spring, and from April to the middle of May the epidermis of 
the needle bursts and the spores are scattered, the affected 
needles wilting and falling in June and July. The spores which 
are disseminated in May, when the young shoots of the spruce are 
forming, can then infect them and continue tlie disease. 
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(b) Subjects of Attack, and Distribution. 

The fnngas only attacks yearling needles, usually those on the 
lower branches, and never near the lop of the tree. 

Spruce is most sub- 
ject to this disease 
when from 10' to 40 
years old. In damp, 
dense, 10 to 20 years- 
old thickets, the fun- 
gus is most common, 
but the nature of the 
soil does not appear to 
have any influence on 
it. It is met with up 
to altitudes of 1,600 
metres, and is most 
frequent on south and 
south-west aspects, or 
in valleys exposed to 
the south, whilst damp 
weather favours its spread, wherever spruce is extensively grown. 

The damage done consists chiefly in loss of increment, and 
exposmre to attacks by bark-beetles, but the trees are not often 
directly killed by it. Spruce trees arc not usually sufficiently 
advanced in growth to become infected when the spores ripen, 
and thus frequently escape. 

(c) Protective Rules. 

Garry out early axid strong thinnings, especially on trees 
affected by the disease, and promptly remove the latter from the 
forest. 

■*'17. Hystcrium Pinastri, Schrad. 

(a) Description and Life-history. 

On the needles of young Scotch pines, solitary brown 
spots may appear in July or later on in the year, and 
if the affected needles are examined microscopically, the 
mycelium of Hystcrium Pinastri will be found in them. Black 


Fig. 20G. 

a bed 



Spruce needlca nltickcd ky Chrytoinym Abielix, 
Ung. (Somctnhnt fttlaiytd.) 
a Set First nppB.imncc of ilisc,isc in tlic form of 
p.'ilc-ycllowish murks on needles. 

c Needle with Toddish'brown longitudinal blisters 
(end of Mnrcb and beginning of April). 

<i Needle with fully formed orangc-ycllnw cusbion 
(May), 


s 
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spoi’ophores subsequently appear before winter, but then spoies 
do not seem to gei’minate. As a rule the diseased primordial 
needles die in the spring, without falling from the plants, and 
older needles frequently turn completely brown .in March and 
•April and fall off, owing to the formation of cork at their base. 
This sudden shedding of pine needles is the characteristic of the 
disease so widely spread in Germany and termed Schiitte, oi 
needle-cast, which may, however, be due to other causes besides 
the fungus, as explained on p. 676. If, owing to a mild Foi 
vunter and spring, the black sporophores should burst, which 
only happens when they are exposed to much moisture, the 
spores issue from them and infect fi’esh plants. This, how- 
ever, frequently happens only after the needles have fallen. DiJ 
summers and cold winters therefore impede the spread of the 
fungus, which is frequently only saprophytic on old dying pmc 
needles, in crowded seed-beds. This saprophytic form of the 
disease is always present in the Scotch pine nursery at Coopers 
Hill College, but has never attacked the pine seedlings or trans- 
plants. The latter are kept two years in seed-beds and two 
years in nursery-lines, and about 60,000 healthy four-years-old 
plants have been removed from the nursery every year since 
1891. 

(b) SitJjJccts of Attack, and Distribution. 

As a rule the fungus attacks only 1 to 5 years-old plants, 
but it has been observed on older poles and trees. Damp 
cloudy localities are favourable to its spread, and plains and 
lowlands suffer more than mountains and hills. Large regenera- 
tion-areas and dense stocking also favour its spread. Under 
certain unfavourable conditions of soil and climate, the cultiva- 
tion of Scotch pine must be abandoned, owing to this disease, 
and the area stocked with Wej’month-pine,* or some other 
resisting species. 

(c) Protective Measims. 

Mix spruce or Weymouth-pine with Scotch 2 >iuo, in lines or 

* Accotding to Knitia, ttio Wcyraoutli-pine saiiois from a similar fungus, II. 
brachyospoTum, and tlic fioni II. lartetnum, viiicli may liowevcr be only a 
saprophyte. 
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belts running from north to south, so ns to interfere with the 
dissemination of the spores Ijy damp westerly winds. In nur- 
series, the seed should not be sown thickly in drills, and the 
yearlings should be transplanted into nursery-lines, or at once 
into the forest. 

New Scotch pine nurseries should bo made in localities free 
from tbe disease, best among broad-leaved trees, in'any case not 
near pine-woods, which are especially dangerous to the west of 
the nursery. 

The spaces in nursery-beds between the rows of seediugs should 
never bo covered with piue-branchos which favour the spread 
of the disease, but with leaves of broad-leaved trees oi moss. 

All diseased plants found in nurseries should be at once 
burned to ashes. 


h 

/• 


a Under surface of a aprnco twjg in M-inter, attacked by lli/ftcrium macrosporiim, 

R. Ilrtg. 

a Dead brown needles at the base of tbe second year’s slioot. 

Freshly attacked third year’s needles. 
y J^ccdlcs with black sporophores. . 
b Brown needles witli ripe sjwropliores {fi) not yet burst. 
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18. Hystcrium viacrosporiuvi, R. Hrtg. 

This fungus on the spruce, according to R. Hnrtig, causes 
eitlier needle-rust or needle- shedding. 

The former disease appears in mountainous regions at mid- 
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Bummcr as a rust3’' discoloration of-nccdlcs on two-j'eara old 
shoots, and in tho plains later during autumn; finally black 
sporophorcs appear on tho under surface of the infected needles, 
which burst longitudinally and emit their spores in tho succeed- 
ing April or May. The needles with the empty sporopbores 
remain on the tree for several years. 

In the case of needle -shedding n more virulent form of the 
disease occurs, and the needles turn red in August and fall before 

the winter. 

The spores of all species 
of Hystenum gain admission 
through the stomata, and 
tho wetter the weather, the 
sooner the spores ripen. 

Tho disease affects 10 to 
SO years-old spruce, espe- 
cially in the lower part of 
their crowns, hut is unim- 
portant except when needle- 
shedding takes place. 

I 

1 9 'Uystcri iimncrvisequUtm, 

D. C. 

This is a very similar fun- 
gus to that described above, 
and affects the previousyenr s 
and older needles of silver-fir, tui'ning them brown and eventually 
causing them to fall from May to July. Numerous dark brown 
pustules may be noticed on the upper surface of infected needles, 
and long dark-brown sporopbores eventually break out in the 
mid-rib of tbeir lower surface. 

They ripen in April of the succeeding year, on the needles in 
their third j'ear, but a large number of the infected needles have 
generally fallen before this occurs. 

This disease is wide-spread in silver-fir forests, and has 
proved destructive in the Erzgebirge, where the trees lose most 
of their needles. 


Fifi. 20S. 



Twig of Silver-fir attacked by Jl.'nerviseguiwn. 
a UiiofTected needles. 
b Attacked needles turning brown. 
e Needles with ripe sporopbores. 
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-20. TrwhosplucriajKi^'^^^^^*^*'* 51. Hi'tg- 
Th. fine coWcss : jS rthet"u2v 

of the ellvcv.r,r \fi„^oVieiles. whilst the shorlov 

“Tnirr^eUy escape infection. The myeelinee fonns 

superficial white crusts on the 
white lines of stomntn of the 

needles. They therefore become 
discoloured, and at length quite 
brown ; they do not, however , fal 
from the tree, but hang down, 
being still attached to the twig 
by the mycelin of the fungus. 

The minute darh-brown spoio- 
phores appear on the dned-up 
needles in November, and 

greyish spores issue from them, 
nnd infect now twigs of silver- 
fir. 

The mycelium hibernates on 
the twigs and needles and grows 
again on to the new spring- 
shoots, attacking the needles 
from the base upwards, so that 
needles on the older shoots 
which escaped during tne 
previous year may now be 
attacked. 

^ce t.. .. fr™. wi.lc. i. ..b- 

on tn 40 vears-old woods on tne lo ,, i 

among ZU to v „ „„„ Tubeuf, it also attacks 

»nd twi^, ..o- 

m^ed by clearing, pruning and cutting off twigs with shear . 



1 

Twig of snver-ru- “'■t.'ickca by rnc/ioK- 
phveria parmiticn, K llrtg. 

‘'.XSSS.t .1.1. .I.1C 

inycelia nnii dark bporophorc.-. 
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21. yTicifJmm sti'ohilinuin. Ess. 

This fungus dc\clo])s its mj’celinm in tbe still green scales of 
spruce-cones juid destroys them. The hemispherical hioo-n 

iBcidin are crowded together on the inner surface of these 
scales. 

The infected cones which have fallen to the ground may be 
y their opened-out appearance. ' The life-historj’ 
o US ungus is not yet made out, and artificial infection by 



r«i, 2J1. 



V. 


SporoplioTcs of ttrobilinum, 
on (Iio nndcr-snrfacc of a Ecalc of 
a oprueo cone. 


spores has failed to produce it. It is known over all North Ger- 
many and in the lower Alps. 

Another fungus, indium Conorum Piecte, Ess., also affects 
spruce-cones, and may be distinguished from the above by there 
being only two rncidia on each scale of the affected cones. After 
the mcidia burst and disperse their spores, pale spots are left 


Section III.— Fungi ATTAcioNa Bboad-I,ea™d Tbees. 


The numbers of dangerous fungi attacking broad-leaved 
may be limited for description here, to seven, besides 
wound-pai-asites. 


trees 

some 
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Orgnn attacked. 


Eoot system . 
Stem mill bvaiichcsi 
. (in the wood or 
bark). 


No. 


Cotyledons and 6. 
leaves. 


Kninp or fiingni. 


I Speuir-. attirkcil. 


*Jlotcllinia qmreintt, 15 ITrtg. Oak .... 
Polyjmrus suJjiliurcws, Fr. . i Oak and biroli 

) 

Other womid-pnmsitps . . , O.ak, fee. . . 
■"iVfriria dftissimn, Tul. . . { Hoccli, Oak and 

other brond- 


K. tinnaharina, Fr. . . . 

'PhytnjiJiDtoi’a amnirani, Dt> 
liary 

Pfiytisma acerinum, Fr. . . 

AMavvpsora llartiyU . . . 


leaved trees 

Maple, lime, 
horse fhest- 
nut, elm. 

Beech, niaplo, 
ash, robinia, 
spruce, S. 
pine. 

Maples . . . 

IViilows . . 


Natural order. 


Pymiomyeetfi. 
Uymenom yetUi. 


Pyr^nomyerfri, 


PcronoijMtrca . 


Discomyecti-^i. 

UrfflinfK. 


'1. Jinsclliniit qticrcinn, E. Hvtg. 

(a) Description and Lifc-historii. 

Tho leaves of infected 1 to 8 years-old oak seedlings bocomo 
gradually pale and at length dry ui>. This commences with the 
topmost leaves and proceeds downwards. At the toji of the 
tap-root just below the surface of the ground, the bark and 
wood turn brown and shrivel uj), and this at length spreads to 
the whole tap-root and the plant dies. On pulling up the plant 
and examining its tai>-root, black spheroidal sclcrotin of the size 
of a pin’s head are seen, which spring from numerous brown 
rhizomorphs, which have branched freely and surround the 
plant’s roots, and are prolonged into the soil. These rhizo- 
morphs readily communicate the disease to roots of neighbouring 
plants, as in the case of Affariens viellciis. 

The method of infection is very interesting ; as tho tap-rooi- 
is protected by cork, tho shoots of tho mycelium attack tho side 
roots. At the places where these branch off from the main 
roots, little fleshy swellings are formed, which send out conical 
processes through the cork into the inner tissues of tho tap-root. 
The fungus only grows in damp warm weather, and if the 
weather be diy, the infected plant can delay tho progi-ess of the 
fungus, by cutting it off by cork-formation from the still healthy 
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tissues. Bj' means of tlie sclerotia, the fungus can persist 
through diy periods, or hibernate, which the ordinary mycelium 
cannot do. The disease is also perpetuated hy gonidia springing 
from the portions of the mycelium growing above ground, or hy 
spores produced either from the sub-aerial portion of the oak-plnnt 
or in the gi'ound, these as a rule only germinate in the year fol- 
lowing that of the original infection. 

(b) Subjects of Attach, and Distribution. 

This fungus is very dangerous in seed-heds and dense sowings 
in the open, especially in wet years- It is common in North- 
West G-ermany. 

(c) Protective Pities. 

(i) Places where tlie fungus has appeared should he isolated, 
by digging trenches one foot deep to prevent tho spread of the 
rhizomorphs. 

(ii) Plants which have been attacked must be at once removed 
and burned, which can always be done in nurseries. 

2. Polyporue sidp/ntrcus, Fr. 

This W'idely-distributed fungus, which is very common in the 
British Isles, and has been ah'eady referred to as attacking the 
larch, destroys the wood of oaks, poplars, tree-willows and 
birch, and is saprophytic on fruit-trees. Thp infection occurs 
at wounds in the branches of trees ; the wood, in consequence, 
turns reddish-brown, cracked and dry’, the mycelium spreading 
through the cracks and forming large felted white sheets, it also 
fills the vessels, which on the different sections of the w'ood 
appear like white lines or points. At the scars of dead branches, 
or other parts of the stem, large sulphur-yellow', fairly smooth, 
fleshy sporophoros appear annually which ore somew'hat reddish 
above and very conspicuous. All infected trees should be felled 
if this does not open out the wood too much, and great 
care should be token during fellings to avoid wounds. Broken 
or forked branches, which ir is advisable to remove, should be 
sawn off cleanly and the section tarred. 
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n. Oilin' Poviinili'ii itfltu'fiiu'i Orth Wonrl. 

(:i) Poliiporim ilripuh im, J’r. 

AVliilc niJ(l yc'llow irro^nlnrly slmiiotl loti^'itucliiml nuirlcft 
jipprnr in tlio wood, which iit h*n"th hecoincs ciniminon-cohitirod 
and roltfji. J’he spnroidiorcs art* largr, hrown and hoof-shajn-d, 
hnt/ do not last Ion". 

(h) PoIi//Kinf}s ipninrim, Fr. 

The coininnnosl osuifp of while-rot. Itifc-clrd wo(ul hucomof? 
pale yellow and "rnduiilly li"hter in eolonr tiiid softer. 'I’he 
tannin is at once attached and decomposed liy yonii': inyecdia of 
this funjins, so that oak-wood loses its eharneteristic odour, the 
nhsence of which is an excellent practical lest of incipient un- 
sountlncsB. This fuiijitts also orcurs on fruit-trees and other 
hroad-lcavcd trees. Sporophorcs, hoof-shajied (/*. hctuliuua, 
Bull, and P. Urvifintiis, Kr.) cause red and white rot respectively 
in birch, the, former htiviii}? roundish sporophores and the latter 
incrnslatious. 

(c) niiihium divcruiil' iin, I'r. 

.Also causes while-rot. The wood, atul especially its spring 
zones, turns ashy-grey, at first in strijtes. ’I’he sporophores are 
yellowish-white incruslnlions or brackets. Also fuiunl on beech. 

(d) 'Piu'h'phurn jit'nli.r, It. Hrig. 

Produces the well-kno\ni pitrlrUVjv-noiul form of r<»lten-wo(id 
(Prhhiihiihoh). uhich is common in CJermnny, but not known 
as British b^' lirnrsliali "Ward. The dark reddish-brown rotten- 
wood becomes honeycombed with whitish blotche.s surrounded 
by bard walls. Later on, these blotches become greyi.sh-yellow, 
and arc filled with mycelium. 'I’ho .sporophores, brownish-yellow 
incrustations. 

(e) Stn'nnn hirntiuin, Fr. 

Snow-white or yellow longitndiiinl bands surrounded by brown 
tissue appear in the wood, which is said to be prUoit-. or irlnt^'. 
piped. Sometimes the whole of llio wood turns uniformly 
yellow. Tho sporophores, at first mere incrustations, later oii 
assume prominent borizontul edges. Common in Britain. 
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~'4. Nectria ditissivia, Tul. 

(a) Description and Life-history. 

This fungus produces the beech-canker, which may be recog- 
nised by the local destruction of the cortex and the appearance 


Fig. 212. 





2fcctria ditisiima, Tul., on a 
Beech, a Cotnmcncemcnt of 
the disease, ti hicli has piocccdcd 
deeper into the vood at 2>. 


FlO. 213. 



of small white tufts of gonidin ; and later on by dark-red 
sporophores on the canker. The infection always arises at a 
wound caused by abrasures of bark by felled trees, hail, Jcc., and 
from the point of infection the fungus spreads more or less 
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tegulaily in the ■wood, but moBt quickly filong the stem. Iho 
■wood turns brown and dies wherever it is attacked. The 
diseased portion of the ■wood appears sunk into the stem, owing 
to the hypertrophy of the growth of the portions of the stem 
round the canker. 

Thus the attacked branches and stems become spindle-shaped. 
The canker becomes every year deeper aud more open. 


(b) Stibjects of Attack, and Distribution. 

The beech-canker chiefly attacks the beech, hut oaks, ash, 
hornbeam, hazel, alder, lime, cherry, maple, and apple are also 
attacked. It is found in thickets 5 to 7 years old, but also in 
100-years-old woods, and is worst amongst healthy smooth-barked 
trees. 

Infected branches eventually die, and infected trees in the 
course of time assume extraordinary shapes, and are only fit for 
firewood. 

The disease has been known since 1865 in the Saxon Erz 
mountains and in the extensive beech forests in Hesse. It is 
common in the British Isles, especially on apple trees. 


(c) Protective Rides. 

Cut, out all infected trees in cleanings and thinnings, provided 
too large gaps are not thus caused in the standing-crop. 

Avoid aU injuries to the bark during felling operations. 

5. ^iectria cinndbarina, Er. 

(a) Description and TAJe-liistory, 

hroad-leaved trees mav 
beSrsh -P “d death of ajS 

bv £ t v the Zoi and 

c tz rrr 
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n ffrcen Bubstniico within the infected tissues. The canibinm 
nnd bark rcinniii sound, but b^' the destruction of the wood, tlic 
wfttcr-supi)ly is cut ofl' from the 'crown, the leaves wither 
nnd drop ofl nnd the shoots drj* up. The sporo2>bores appe.'ir 
in nutninn or spring on the dead bark of the infected trees, and 
the danger of infection is then gientest. 


Fi«. 214. 



Fro. 215. 



(b) Subjects of Attack, and Distribution. 
fi) DescrijJtion and Life-history. 

" «>P^hy«o on tho dead bmnohon of ™rion. 

bird.- 

Mnisnall Ward notes that it mav be nfl-nr, i 

sticks, which become dotted ivifh red points. ^ 
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As a parasite, it attacks young plants of maple, lime, horse- 
chestnut and elm, and soon kills them. It is very •widely spread 
throughout Eui-ope. 

(c) Protective Bales. 

(i) Clean pruning of broken branches and tarring the wounds. 

(ii) All twigs, branches, or stems which show sporophores of 
the fungus should be cut off and burned. 

"^6. PhytophUiora omnivora, De Bary. 

(a) Description and Life-history. 

"This fungus causes great damage among beech seedlings; 
these, when affected, turn black and die from below upwards, 
during their germination or immediately after the cotyledons 
have appeared. The little stem shrivels up and turns brown 
above and below the cotyledons, whilst they are still green, or 
dark specks appear on the cotyledons or on the young leaves. 
Within six or eight days after the first appearance of the disease, 
it attacks the whole plant, especially in protracted rainy weather 
in the months of May and June. In dry weather the attacked 
plants appear as if singed by fire. 

The first infection of the beech by the parasite comes from 
oospores which have remained in the ground since former 
sowings. The mycelium, which is intercellular, spreads 
into the stem and cotyledons, and numerous hyphae break 
through the epidermis or stomata, and produce lemon- 
shaped spores. After the bursting of these, fresh ones 
are formed, and the spores are spread in all directions, and in 
this way the disease may extend over a considerable area of 
young plants by attacking their cotyledons, or primordial leaves. 
The development of the fungus is so rapid that in rainy weather 
and in damp localities, in 3 or 4 days after the first appearance 
of the disease, sporophores are formed on the host. At the same 
time thick-walled oospores are produced sexually within the 
cotyledons ; these fall to the ground in the rotting tissues, and 
may then remain alive for four years and more. These oospores 
reproduce the malady from year 'to year if the place be used again 
for sowing beech. dense sowings on damp soil, the fungus in- 
fects the roots of the plants until whole rows of them die at once. 

n E 2 
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Tho fungus bns been observed to attack maple, nsb, and 
robinin, at tbo seedling stage, and several conifers, especially 
the spruce and Scotch pine. Hence the name “ oniniroi'a." 
The symptoms are similar in these other cases. If only the 
leaves of tho seedling are nifected, it may recover, but "whenever 
the stem is attacked from below", it sucenmbs. "Worms drag 
down infected seedlings into their holes, and hence gaps some- 
times arise in what was formerly a flourishing nursery-bed. 

(b) Subjects of Attach, and Distribution. 

This fungus causes considerable damage to nil the species it 
attacks, and tho spores are transported by wind, mice, roo-deer, 
and by tho tread of men or horses, or even cart wheels. Damp, 
warm years are favourable to the spread, of the fungus. It bns 
been noticed all over Germany. 

(c) Protective Rules. 

(i) Pull up and bum all infected ydnnts and leaves lying on 
tho ground ns soon as tho disease is noticed. 

beed-beds should be carefully watched in May and Juno for 
this malady. The worlanun should "wear an apron, in which 
ho places tho infected plants, and should take care not to tread 
on the beds and bury any oospores. Any bed which has been 
attacked should be examined daily. 

(ii) Beech and coniferous seed-beds, where the disease has 
appeared, should for several yeaz’s bo used only foi* ti'ansplants, 
and it IS then best to change the species grown. 

7. Rhytisma acerimtm, Pr. 

This fungus causes black spots on the leaves of maples, 
especially of tho Norway-maple and sycamore. 

During damp -weather in July, round yellowish spots ^ to 

inch across, appeal* on maple-leaves, which turn black in 
August, retaining a lighter tint on their borders. The leaves 
fall earlier than is usual. On the fallen leaves during winter and 
the following spring numerous sporophores develop on the black 
spots and they open in long cracks in damp weather. The 
spores which issue from them in the spring germinate on the 
leaves and produce fresh spots as before. The parasite appears 
to be an annual, and is very common. 
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1 moslh* «luc to reduced nssimilating 

Tlio d'\iiin"’o done is inosiij 

.oit ;’r u,oW r3Ci, .. in p«i=s 

AVherc Uie dead ‘ spread, but in places wliero 

and gardens, tbo lie about in ditches, &c., it 

dead uiaplo-lcnvos me 1 . ^ the beauty and shade of 

may recur annually to the acirnu 

tbe trees. 



V,- on a leaf of NoUray Maple. The dark Idolclics (n) arc 
i;7i2rf»snio ‘'“’■'"“"'bounded lij a dead ligWcr coloured rone (t). 


8. ]\Iclami>sora Hariigii, Thiim. 
(a) Vescrijition and Life-history. 


nn the leaves of several species of willow, and especially on their 
lov-surface, and the ends of their young shoots, little golden- 
'^^inm-ed marks, subsequently turning brown and then black, may 
“ near at the end of May or the beginning of Juno. Leaves which 
i^^vo been attacked soon become marked with black blotches and 
; U off; the badly infected shoots also die from their tips down- 
\rds. * The sporophores hibernate on the dead leaves lying on 
the ground and emit spores in the spring which spread the 
malady by germinating on fresh leaves and shoots. 


von. IV. 
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The sane disense infects species of Hihcs (cuiTnut or goose- 
herry plants), as Caoma Jiihcsii, Link., but this intermediate 


Fig. 217. 



stage is unnecessai 3 'in 
the life of the fungus. 

(b) Subjects of Attacl:, 

arid Distribution. 

The fungus, which is 
not noted by Ward as 
occurring in Britain, 
is most destructive in 
its attacks on the 
Caspian willow {Salix 
acutifolia, "lYilld.), but 
also attacks S, daph- 
iwides, vimiiialis, pur- 
2>urca, &c. Yearling 
shoots suffer most, and 
2 to 4 years-old'shoots 
arc less liable to in- 
fection. 

(c) Protective Pules. 

Cut off and burn all 
infected shoots, as soon 
ns they are noticed. All 
infected dead leaves 


should be collected during the autumn or spi’ing and burned. 

Infected osier-beds may be sprinkled by means of an ordinary 
white-washing brush with dilute carbolic acid, one part to 500 of 
water. This shoidd be repeated several times, and costs about 
Is. an acre. 


Cultivation of the Caspian willow may have to be abandoned 
when the fungus is prevalent, which is much to be regretted as 
this willow thrives on dry soils and has proved useful on railway 
embankments, sand-hills, &c. 

Melampsora Salicis-Capreee, Pers. is common on S. Caprea, 
aiirita and cinerea, and develops moidia of Cceoma Euonymi, 
Grmel. on the spindle-Wee. 
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Forests from the seedling stage up to maturity are sub- 
ject to the influence of the weather, and may thus bo injured 
in various ways. , The chief meteorological phenomena in 
question are frost, heat, wind, heavy rainfall, hail, snow, rime 
and ice. 

As a matter of course, thcso phenomena frequently act 
benefieiolly on vegetation ; frost disintegrates the soil and 
prepares it for the I'eception of seed and the growth of forest- 
plants ; the wind disseminates the seed of many trees and 
shakes snow from ofi' their croivns which might otherwise be 
broken by its accumulating weight; atmospheric precipitation 
and heat are indispensable for vegetable growth ; snow is a bad 
conductor of heat, it keeps the soil comparatively warm in 
winter, and protects young plants from frost. 

Forest Protection has, however, less to do with tho beneficial 
action of these phenomena than with tho damage they 
may inflict on forest plants, and tho moans which oxiicriunce 
teaches for protecting them. The amount of damage done is 
conditional on several circumstances. In the first rank arc 
the extent and intensity of the phenomenon, but the season and 
tho state of tho weather during and after the calamity arc also of 
importance. On the other hand, the nature of the wood and 
locality should be considered; of great importance are tho 
species of tree grown, the system of management of tho forest, 
and the age and density of the injured woods, as different siiocies 
and age-classes suffer in different degrees from bad weather. 

As regards locality, not only the soil and configuration of tho 
ground, but also the nature of the soil-covering may be of 
importance. Since then, all these items may bo combined in a 
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great variety of waj'S, the damage done must vary greatly 
according to circumstanccB. 

The mode of occurrence of frost, wind, hail and snow should bo 
studied under meteorology, the importance of a thorough know- 
ledge of which to the forester is obvious. Every forester should 
keep a record of any great damage done by frost, storms, hail, 
snow, &c., not only as to its extent, but reference should also be 
made to all those local and temporary influences which may 
have favoured or limited it. 
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CHAPTER L 


I'nOTnCTlON AGAINST I'ROST. 

As regards its distribution, frost may bo citbor widespread or 
local : as regards season, earln frosts occur in tbo autumn and 
late frosts in the spring. Early or late frost may be cither 
widespread or local. Late frosts are commoner in Europe than 
early frosts, and chiefly occur in low lands, early frosts being 
more prevalent in mountainous regions. The extensive damage 
done by late frosts is due not only to their frequency, but also 
to the susceptibility of plants during the rovivnl of vegetation in 
the spring. In the North-West of India, early frosts do most 
damage, as the bright days and cold nights of November some- 
times involve daily ranges of temperature of 40 and even 50 
degrees Fahr., which are fatal to tbo sappy shoots of trees. 

Winter-frosts in Europe rarely injure indigenous trees, though 
they may kill unprotected exotic evergreen plants such as laurels, 
&c. The mild winters experienced in the west of France and of the 
British Isles, render possible the out-door cultivation of many 
plants whoso natural habitat is further south, and which would 
succumb to the severe wintere of more easterly European 
countries, as was the case with tbo common gorso {Sequoia sem- 
2 )crvircns) and many other exotics, in Surrey, in 1895. 

Frost damages forest-plants in four ways : — 

(i.) By freezing young woody plants or young organs of 
plants. 

(ii.) Splitting the stems of trees. 

(iii.) Causing canker in stems of trees. 

(iv.) Uprooting young plants. 

Section I. — ^Frozen Prant-Oroans. 

1. External Appearance of Injured Plants. 

Frozen plants, or organs of plants, become soft, flexible and 
hang down or wilt. When dead they eventually turn brown or 
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black. These outoi* signs rcsnlt from the reduced tension of 
the tissues injured by frost, and from their inability to fulfil 
their proper functions. Foliage frequently falls premntuiely 
owing to early frosts, a film of ice forming at the base of tlie 
petiole, as in robiuia and elder, which may become leafless 
in a few day’-s, the fallen leaves remaining quite green and 
apparently unaffected by the frost. In other trees, as bom* 
beam, beech or oak, the frozen foliage may die and turn 
brown, and remain on tho tree until the buds swell in tbe 
spring, the normal autumnal leaf-fall being prevented by tbe 
fact that tho leaf is killed before the usual layer of cork which 
causes defoliation has foimcd at tho base of the petiole. 

2. Ea-planaiion of the Action of Frost. 

The death by freezing of plants, or certain parts of plants, is 
usually due to a rapid thaw rather than to the direct effects of 
the low temperature to which they hove been exijosed. This is 
because, owing to tho low temperature, the liquid contents of 
the affected tissues becomes denser, and a change ensues m 
them. The ccIl-sap becoming more concentrated than before, 
sets free part of the air which it contains; this increases the 
permeability of the membranous lining of the cell-wall, which 
loses its powers of resistance to the passage through it. of 
certain substances, and allows the cell-sap to pass into tbe inter- 
cellular spaces of the plant, where it freezes. The injured 
tissues thus become limp fi-om loss of W'ater. 

A similar result happens in the case of frozen starch-paste, 
in 'which the water and starch become separated, and will not 
reunite after a thaw. The air which escapes from the frozen 
tissues may also decompose the chlorophj'll, and hence the 
brown and eventually black colour of the dead organs. Ifi 
however, the ice formed in the inter-cellular spaces thaws 
slowly, the cell-wall may recover its normal elasticity and 
reabsorb the water before the chlorophyll has decomposed. 
With a rapid thaw this is impossible, as the water then remains 
in the inter-cellular spaces, and death ensues. 

The effect of allowing tho thawed water to become reabsorbed 
may be well obser\'ed in a meadow after a sharp frost in May, 
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when the grtiss hns heen in full growth. No had results follow 
from the frost, unless men or animals ti’cnd on the frozen grass, 
hut wherever they do, tho crushed grass appears black and 
dead, as if singed by a rod-hot iron. This is because the 
crushed tissues will not allow tho return of tho sap when the 
thaw sets in. The moro water an organ or plant contains, the 
more it is subject to be frozen. Tho old theory that plant-cells 
are split by the freezing of the cell-sop, and consequent expansion 
of the ice, is not true ; in the first place, the cell is not filled 
with sap, and secondl}', tho cell-wall is snilicieutly expansible 
to resist an extension of Virth of its volume, which would be 
required to prevent its sjilitting, supposing that it were full of 
sap and the sap converted into ice. Hartig also states that 
cortex and bast containing concentrated sap do not freeze so readily 
ns young wood and leaves, which contain a more watery sap, 
and which, owing to the scarcity of inter-cellular spaces in wood, 
turn to ice within the Inminn of the cell, at the same time de- 
priving the cell-walls of their water and causing them to shrink. 

3. Avmint of Damage done. 

(a) General Nature of Damage. 

Late and early frosts often kill young plains and destroy the 
foliage, shoots, blossoms or young fruit of trees. This retards 
their upward growth, causes a loss of increment and reduction 
in quantity or complete loss of tho crop of fruit ; thus the 
management may be impaired, especially when natural regenera- 
tion is desired. Eai-ly frosts hinder the complete ripening of 
the wood, especially in coppice-shoots; by the early fall and 
lulling of leaves forest trees suffer a loss in potash and 
phosphoric acid, if those substances have not comiiletel}* returned 
to tho stem, as they do before the normal leaf-fall. Owing to the 
narrow annual zones of wood which arc formed in years of 
severe frost, they may be recognized on an inspection of a cross- 
section of a stem. Frost -also causes certain forms of canker in 
broad-leaved trees. 

The physiological effects of severe winter-frost consist chiefly 
in killing wood which is not fully ripe, and Avhich has been 
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spared by the curly frosts. In this way, either the youngest 
shoots, tlie nutuniiiiil ivoody soiie, or the wliole autiunl iing of 
wood inside t!io cninhiuin-zonc niiiy sutler and cause cap-bhale 
ill wood. ^VJicro cup-shukc is Huts cuusod, the concentrated sap 
ill the cninhinin-sono preserves it ’from damage, while the zone 
of the sapwood next to it hccomos so dried by tho freezing of the 
sn 2 J wiihin it iis to seiinrntcimrtially or entirely from the camhium. 
iMcchnnionl injuriosdoiieby winter- frostu ill be described furtheron- 

Tho damage done under tho headings species, organ, system 
of management, ago, locality', soil-covering, density of stock, and 
weather will each be considered separately. 

(h) Species of Tree. 

As a rule, hrond-lcavcd trees are more susceptible to frost 
than conifers, and sjicctcs which jirevnil in the south snfTer 
more than those from the north. As spcciol conditions affecting 
tho extent of tho dainugo done by frost, tho degree of develoiimeu^ 
and power of recovery of the ^tlmit nro important. Thus the 
oak is much less liable to injury by frost than the beech, os it 
shoots out later in the siiring. 

As regards rocovoiy from damage, tho oak is also more 
favoured than tho beech, for if its lender bo frozen, side' buds 
develop now leaders, but the beech having fewer dormant buds 
cannot do this so well. The oak can also put out a seBond 
foliage during the year if tho first be frozen, but the beech can- 
not. Hence wood-formation is less hindered in the oak than in 
the beech. Similar considerations affect other species. 

A classibcation of woody jilants according to their susceptibility 
to frost is not impossible, but can only' be of local value, as the 
earlier or later shooting out of a tree depends on the altitude, as 
well as on the species gi'own. 

Ihe following list 'groups trees aceoi’ding to their susceptibility 
to late frosts ; — 


Feri/ Frost~tendcr Species. 

Walnut, ash, sweet chestnut, beech, oaks,* robinia, silver-ffr. 

* Some Nortli Ameiicrn oaks niid ash-ticea sufler loss tlion European species, 
ana pedunculate oak less tlian sessile oak ; Tnlkcy oak is less hardy than cither. 
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Modei'aicltf Frost-ir.ndcr Species. 

Sycamore, Norwiiy-maple, liorsc-cliostnut, lime, spruce, larch, 
clustor-pine. 

Frost-hardy Species, 

Hornhoixm, elms, aspen, poplars, willows, species of Pyrus, 
liiizcl, alders, bii'clies ; Scotch, black, Weymouth, Combran and 
mountain pines. 

In the case of very sovoro late frosts, species in the last group, 
such as tho Scotch pine, may sufler, or be killed when quite young. 

If tho locality be taken into account, ns son-coast, flat, hilly, 
or mountainous land, some modifications must bo made in tho 
above groupings. 

In general, local trees which shoot out eaidy are more or less 
frost-hardy, for instance, tho birch, alder, and sallow ; frost- 
tender species such ns tho oak and ash shoot out later in tho 
spring, and the beech, which shoots earlier than either, owes its 
immunity from frost to its ijower of resisting cover under which 
spring frosts do not occur. 

Tho larch, w'hich shoots out early in tho spring, sulfers in 
low situations from late frost, and the sessile oak for the same 
reason suffers more than the pedunculate oak, and is more 
adapted to resist drought than late frost. 

As regards extreme winter-cold the following somewhat 
different scale applies ; — 

Very Frost-tender Species. 

Sweet chestnut, walnut, plane. 

Frost-lender Species. 

Ulms, pedunculate and sessile oaks, silver-fir, cluster-pine. 

So7ncichat Frost-tender Species. 

Jleeeh, Turkey-oak, Douglas-fir, spruce. 

Frost-hardy Species. 

Maples, horse-chestnut, lime, poplars, willows, hornbeam, 
birch, larch; Scotch, Weymouth, mountain and Cembran pines, 
juniper. 


4 an 


I’JSOTircTION AGAIXST rRO>T. 


(c) J>art of Trre. 

nnd ronng slmots Fn&T 
1 i.ric ’ ^ JU*c‘.1Ics less, niicl lea«t of all tic 

#*nr.r.” 1 /* V '^'^"*'5 Kjiriice the dimia^e is nearly ahay 
?« * the uhl needles escape, and as in 

hn 1^* o *^ *** t^'nniiml Imds opeu-oiit lutor than the lateral 
•Mi.ls, J,e Intter »ro more often frozen. 


(d} Si/fitcin *tf ^InnapctncHt. 

j . with short rotiitioiis, suflers more than 

i«h.foresl, astlieH»srcptiWe yonnjj growth occurs so frequeatij. 
le cutting of cop2)ic<* is delayed in the spring, the anneal 
Hhoots imiv not be coniiiletely lignified heforo tliey arc exposed 
y ro.sts. ^ Ihe underwood in coppicc-with-sfandaids 
HU ciH ess Ihnii simple eoppice, owing to the shelter nfforded by 
1 '***‘*°'*^ Bholter-wood svstcius constantly 

ffrowth, nnd nro therefore less liable to 

f?. BJ-stems of Coppice nnd of Clear-cnt- 

tiiig in High Forest. 


(oj Atfc of M’ood. 

exposed to danger in youth, especially during 

Tnnv n/"°” ° Binglo frosty night nt this period 

mnj at onco annihilate the results of a forester's cam. The 

till* continues until the young plants have grown above 

eoiifi ** y Bono. As, however, this varies according to the 
oiifigurntion of the ground, a scale of susceptibility for each 
Hpecios according to age, cannot bo attempted. 

breezy hilly localities are most 
....l i.l" J " *'°"-e^™S tonJer pl.nt. in v»]l^ 

'''i^oly-spmftd frosts nnd oxcoptionnll, low 

S ’’ of ‘«ll» “«3- 


(f) Localiti/. 

localities are specially h'able to injuries by 

(i.) Damp, low-lying places with stagnating nir, for instance, 
narrow, closed-in valleys, or small depressions in the ground 
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termed frost-liollows. In bucIi plnces, froBl-hnrdy spocios such 
as hornbeam, aspen, and l)irch are naturally invasive, whilst the 
more valuable species become stunted, and there is generally a 
pleniiful coating of lichens on the trees; ii the soil is dry, the 
radiation of the ]ilnnts cools them, and if it is wet or moist, or 
there arc water-courses or swamps near at hand, the evapora- 
tion of the water still further reduces the temperature, whilst 
owing to the absence of nir-currents the cold air is not replaced 
by wai’mer air from the neighbourhood, and the descent of cold 
streams of air from above which collect like a lake ovci- the low 
ground causes sharply-defined frost-liraits. 

(ii.) Woods on north-easterly, easterly, south-easterly or 
southerly aspects sutler most from frost ; on the two former 
aspects, because, unless sheltered by a hill, they arc exposed to 
cold frosty winds, whilst the sudden exposure to the sun's rays 
after sunrise increases the danger of easterly aspects. On 
south-easterly and southerly aspects, growth begins oavlior in 
the spring than on colder aspects. Northerly and westerly 
aspects are least exposed to injury by frost. 

(hi.) Uigli plateaux are more heated by the sun than low- 
lands, where the atmosphei’c is denser; vegetation on them 
is therefore more iirecocious, but the mdiation of heat at night 
is greater than in lowlands and consequently there is a greater 
range of temperature, while woody plants stand sudden cbango.s 
from heat to cold worse than intense cold. 

As a rale, valleys, lowlands, and plateaux suffer more from 
frost than hills and mountain sides. 

(iv.) Wet impermeable soils such ns cold clays induce low 
air-temperature. The richer and deeper the soil, the more 
quickly do plants recover from freezing and grow out of the 
reach of frost. 

(g) Nature of Soil -coveriuf/. 

A dense and high growth of grass increases the danger from 
frost, as it prevents the soil from being healed, dimiuisho.s the 
circulation of the air, and reduces the tompornturc by Irnus- 
piring moisture and radiating heat. From observations mndi* 
at Viernheim in Hesse, tho temperature over an area covered 
with grass may be 10° Fahr. lower than on a plot of similar 



Af;AiNST j-itosr. 

luiul Iiaio ol On tin* ntln’i* liiunl n lightly iilinding 

ttrowt 1 of hitvli, snlloiv, thorns, hrooiij, .Vc., will rcclucp rndintion 
Ills prpM'nr* Iroiii frost jilnnts of vnhiublc species ivliicL 
limy In* growing iiniojig the woody iimlorgrowlli. 

(h) JictiKitif of StucJ;, 

Xatniiil K'gciieratioii'nreiis as well as jihuitations and sowings 
imdera shelter- wood, whieh reflects hack the radiated heat towards 
t ic gionnd, whilst tin* erowns of the shelter trees prevent rapid 
«*liriiiges of teniperatiire, suffer much less from frost than sowings 
and plantations in the open. Young plants suddenly exposed 
f>y tlio removal of a shelter-wood are highly siisceptiblo to 
damage by frost, and largo areas of siinue G fei-t in hi*ight luny 
he thus killed. 

Damage hy frost is imieli less in well-slocked woods than 
where hlauks or tliiiily stocked idiices oi*cur. Unrestricted 
rndintion of heat and noii-circulnliou of the air expose such 
places to frost ; iu the same way young growth surrounded b}' 
tall woods IS often frozen. 

(i) State of the Weather. 

The clearer the sky during day-timo and tlio brighter the 
night, tho greater is the danger from frost, e.speeinlly with an 
east wind. It seldom freezes with a cloudy sky, as then the 
licat radiated from the ground is rellectcd back again by tho 
clouds. Late frosts accompanied by rime are moro dangerous 
than blneli frosts, as tho eolduess of tlio air is still farther in- 
creased by tlio evaporation of the frozen dew. In a prolonged 
frost, accompanied by cold diy winds, tho frozen twigs may bo 
i iiec uji and killed. A wot autumn generally increases the 
subsequent bad effects of the winter’s cold. 

As a rule, in Central Europe, all danger from frost is over by 
tho middle ot May, but exceptions may occur, and in 1892 tho 
grass-temporaturo at Coopers Hill, in Surrey, from tho 13th to 
the 16th Juno, varied between 26® and 82® Eabr., so that potato- 
shoots and bracken were frozen and killed in the neighbourhood. 

In mountainous regions, late frosts arc to bo feared till July. 

Tn the north of India, night- frosts may occur, on clear nj[nJi*«s, 
from October till the end of March, and they cause cons^ 
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(Iftuingc to Si'll {Sliori’fi rohimld) niul oilier wintpr-green mid cver- 
f'rooii ivooa,* 

-I. Jiniiafrr oj Srrcri' Fronln. 

3n Central l-hiropo, iluriiif' the forty-llircc yenrs from 181H to 
18t)0, s-'Ycrc lute Irosts occurred, ou the iivi-rngo, every other 
year; the worst years for persistence mid severity of these frosts 
heing 1831, 38158, mid 187(5. Not ii single monlli is nhsolnlely 
free from frost, not even July or .\ngnst. (hi ^Iiiy tilst, 
the foliage of the oak standards in the lower ground of Prince’s 
Coverts, near lOshi'r, in Surrey, was entirely destroyed hy frost, 
whilst much damage was also done to the ash and other under- 
wood ; the crowns of the oak trees, which were hlackoned hy 
the frost, did not hecomc completely green again till the middle 
of July. A similar event happened in the Forest of Dean on 
May 20th, ISltl.l 

In Contnil Europe, during the present century, there has been 
one hard winter every live or six years, the coldest years previous 
to 1895 being 1820-30 and 1879-80, when at (Hessen, on the 
10th December, 1879, and in February, 1830, temperatures of 
31° and 23° hcloiv zero, h'ahr., %vcrc observed. The lowest 
tcinporatures at Coopers Hill in Decembor, 1879, were 1(5° l'’abr. 
and 10°*1 in February, 1895. Louglihorough is the coldest 
idacc in J3ritain, and its minima on the 8lh, 9th and 10th Feb- 
ruary, 1895, wore 5°, 4° and 1° below zero, Fahr. During 
1895 the frost continued at Coopei's Hill from Jnmiaiy 25ih 
to February 18lb. 

5. ProU’ciire J/ramire/i. 

Protective measures against frost may bo taken during the 
formation and utilization of woods. 

(a) Durlmj the Formation of iVooih. 

(i.) Drain wet places and all swamps in the forest before re- 
stocking. 

(ii.) Abandon attomi>ts to grow' frost-tender species in tlio 
open. Such species as beech and silver-fir should not ho grown 
in bad frost localities, and, in any case, should be iirotoctod by 

thronSt 

t <• The Forest of Dean,” by II. G. Nicliolh. .T. Jliii-ray. London. 1858. 
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planting fnst-growing hardy trees, such ns Scotch pine, larch, 
or birch beforehand) or simultanconsly with them as nui'scs. 

(iii.) Natural regeneration under a shelter- wood and keeping 
socding-cuttiiigs dark should he preferred, especinllj’ oii easterly 
or southerly asjiccts. Low-branching shelter-trees should be 
pruned to promote air-circulation. 

(iv.) Strong trnnsplauts should bo used, plants with balls of 
caith and mound-planting being preferable for frost localities. 
On wet gi-ound, ridge-planting may be ndoi}tcd. 

(v.) Protective belts of spruce may be established along the 
easterly boundaries of n wood. 

(vi.) W’licro areas to be restocked arc covered uith a dense 
gi’owth of grass or herbage, this should he removed before 
planting or sowing is attempted. 

(vii.) Transplants should he lifted from the nursery early in 
the planting season and hcclcd-in in shady places near the area 
to ho planted, in order to delay their sprouting. 

(viii.) Wherever frosts are to ho feared in forest nursex-ies, 
the following rules should bo observed 

They should bo situated on northerly or north-westerly 
aspects. 

Seed should not ho sown too early, say hofoi’C the 1st of 
May ; it should ho well covered. 

In autumn, beds of seedlings may he covered with brush- 
wood, and seed-beds with dead leaves, moss, or saxv-dust. 
In spring, brush-wood or sheltei'-mats may he used. These 
latter may he placed on light wooden supports and can 
then be removed and replaced' at will. 

Smoky fii'es may bo kindled during the night, the clouds 
of smoko preventing radiation from the ground. This 
practice is extensively followed in Prenoh vineyards, coal- 
tar, or small boxes filled with refuse I’esin being burned. 

Plants which ai'e covered with rime may be uutei'ed with 
cold watei' before suni'ise so as to delay their thawing. 

(ix.) Tender oi'namental overgi-een plants may be wx'apped up 
during winter in matting or straw, until they have grown beyond 
the reach of firosts. The so-called hai'dening of transplants 
which have been a few yeax-s in the ground is due to the fact 
that their x'oots get gradually deeper into the soil, and conduct 
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tho heat of the soil to the plants hotter than superficial roots. 
Covering the base of transplants with oincler-ilirt or dead leaves 
also protects thorn from frost. 

All parts of plants which in spito of those precautions have 
been killed by frost, should bo pruned, and frozen plants, such 
as oak- saplings, which have collum-buds, may be cut back level 
with the ground. Dead conifers and plants like beech, which 
coppice badly, must bo pulled up and the vacant spots replanted 
with strong^transplants. 

(b) During the Ulilisaiion of Woods. 

(i.) In natural regeneration-fellings, the shelter-wood should 
be only gradually removed, the final felling being delayed till 
the plants have grown out of the reach of late frosts. In frosty 
localities, regeneration-periods wnll bo long — from 20 to 30 yeavs. 

(ii.) In the case of eloar-ciittings, only small areas should be 
cleared at ono time. 

(hi.) A protective bolt should bo left intact on exposed easterly 
and north-easterly borders of a wood, at any rate until the 
young growth which it protects is out of danger from cutting 
winds. 

(iv.) Coppice-fellings must be cfiected in the spring ; if made 
in autumn, winter-frosts would injure the stools ; they should 
also run from west to cast, so as to protect the young growth 
from cold winds ; this precaution is specially necessary for oak 
coppice, ns frozen oak-shoots thaw rapidly when exj)0SDd to the 
rising sun. 

Section n. — ^Feobt-Crack. 

1. External Aj)j}carance. 

Frost-cracks are long splits caused in stems by winter-frost, 
which start at the bark and proceed radially and more or less 
deeply towards the centre of the tree. They are frequently 
followed by the formation of projecting longitudinal ridges on 
the stem of an affected tree, which are termed frost-ribs. 

’ 2. Explanation. 

Frost-cracks are duo to the contraction of the wood along its 
periphery owing to extreme cold. 
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It has boon proved by actual measnrcmont, that the girth of 
a tree is lessoned during ittpid and sovei'o frost. The contraction 
of the wood, tho reasons for which have been explained in the 
preceding section, commences at freezing point and increases 
as the mercury falls, but the stem recovei-s its original dimen- 
sions during a thaw. For a tree to crack, however, there must be 
a rapid fall of temperature, so that the external layers of wood 
shrink more than the central zones, which are kept relatively 
w'arm by heat conducted from the soil by the roots. In conse- 


ri«. 218. 
a 



queuce of this circumferential shrinking of the outer zones of tho 
wood, they can no longer enclose its unshrunken central portion, 
and tho outer zones therefore split radially and longitudinally, 
tho crack thus formed penetrating moi’o or less deeply towards 
the centre of the tree. 

The expansion of the sajj which flows into the crack and 
freezes, also assists in further splitting the tree and in extend- 
ing the crack to the centre. Most frost-cracks occur on cold 
nights, between midnight and 8 a.m., when the temperature 
is lowest and the contraction of the wood is consequently 
gi’eatest ; the split is accompanied hy a noise like a pistol-shot. 
Frost-cracks may, however, also occur before midnight or even 
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soon after sunset, wlicii unusually mild weather on a clear, sunny 
winter’s day, is followed by a cutting and extremely cold cast wind. 

Prost-oi'aoks may attain lengths of from sixteen to twenty feet 
along a stem. They close again with the rising temperatm-o, 
after the ice which has formed in the wood has thawed, and new 
zones of wood form over the wound ; this new wood is, however, so 
soft that the crack frequentlj' opens again in succeeding winters, 
year after year, when owing to the reduced tension of the tissues 
along the lino of the crack, an abnormal annual growth of 
wood occurs, causing the characteristic frost-rib ns shown in 
lig. 218. 

A frost-crack may sometimes close up completely, owing to a 
succession of mild winters. 


3. Damage done. 

(a) In general . — The timber of trees cracked by frost is 
of reduced technical value, and secondary damage b3' insects or 
fungi may supervene. 

(b) Species . — Hard woods with large, medullaiy rays are most 
subject to frost-crack. Deep roots also favour it, ns they pass 
into zones of soil which nro onlj' slightlj- aifcctcd bj' the nir- 
temperaturo and thus keep the stem comparntivelj" warm. This 
difference of temperature between the outer and inner zones 
of the wood of a tree increases its liability to crack. Oak, 
beech, walnut, sycamore, elm, ash and chestnut are the trees 
most subject to frost-ci'ack, and Tm-key and sessile oaks 
more than pedunculate oak. The sap which pours from 
the wound after a thaw, turns dark brown and betrays the 

. injury which the tree has received. Frost-cracks also occur in 
the case of soft woods, such as the horse-chestnut, lime, poplars 
and willows, and less frequently on conifers, and then chiefly 
on the silver-fir or spruce. 

(c) Part of Tree. — ^Frost-cracks usually occur in the lower 
part of the stem of a tree, especially at places where the growth 
is uneven near the root-stock, at knots, or whoro the stem is 
eccentric. Splitting is furthered by local wounds, and is very 
common in the case of coppice-shoots which have been allowed 
to grow into trees, and which are always unsound at thoirbase. 
Splits from the root-stock proceed upwards and from a linot 
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cloivnwnrds ; ou cccontrio stems, they nrc always towards the 
largest diameter. 

In the case of stems of a regular shape, the south side 
suffers most from frost-crack, and then the north and cast sides, 
the westerly side suffering least of all. The south side suffers 
most, because the most vigorous circumferential growth takes 
place there, and the tissues are consequently very sappy. 

(d) Si/stems of Management . — Standards over coppice suffer 
most, as they are exposed to cold winds, whenever the under- 
wood is felled. Standards in high forest which are exposed 
after growing in a dense wood are also very liable to frost- 
crack. 

In the Kottcuforst, near Bonn, an area of 7,400 acres 
at an altitude of 42G feet, where the treatment is that 
of coppice-with-standards, and the soil clay with an imper- 
meahle substratum, over twenty per cent, of the oak stan- 
dards are frost-cracked. Frost-crack is also very prevalent 
in the seventj’ to eighty-year-old oak-woods in Windsor Forest, 
owing to the absence of underwood, and it is also extremely 
common in the open parts of the Foi’ost of Dean, where the 
underwood has been browsed down by sheep. 

(e) Age of ITrcc.— Large old trees, as a rule, suffer more from 
frost-crack than younger trees, because the diffei-ences in tem- 
perature between their outer and inner woody zones are greater. 

(f) Locality . — ^Fertile and moist soils favour fi*ost-crnck. It is 
very frequent in narrow valleys along water-courses, where the 
night temperature falls exceptionally low in winter. . 

(g) Season. — ^Frost-cracks generally occur late in the winter, 

when the sap begins to flow, provided intense cold should' 
set in. The sapwood then rapidly cools and contracts, while 
the inner ' zones of the wood retain a higher temperature. 
Long protracted and gradually falling temperatures are not so 
dangerous. Storms inci'ease the danger by blowing the frozen 
stems backwards and forwards ; Sess even considers it probable 
that stoims may occasion frost-cracks at the commencement of 
a thaw, but as the outer zones of the wood would then be 
expanding, whilst the inner zones remain cold, a cnp-sliake, or 
separation of tlie wood along a portion of the whole of an 
annual ring, would probably result. ' 
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4. Protective Rules. 

(i.) Tboi’ouglily drain wet soils. 

(ii.) Keep up the density of woods, and underplant all 
pure oak high forests with a shade-hearer, such as beech or 
silver-fir. 

(iii.) Establish protective beKs of spruce along the northern, 
eastern, and south-eastern boundaries of a wood. 

(iv.) Abandon the practice of reserving oak and other stan- 
dards in places where frost-crack is common. 

Section III. — ^Fiiost-Canker. 

Cankers may be caused by frost among young broad-leaved 
species, such as oaks, ash, maple, beech, fruit-trees, &c., 
which have not yet grown above the local frost-level. Thus, at 
the base of a j'oung shoot, which has been repeatedly frozen 
dowm to the main stem, the living bai-k separates from the dead 
wood. A callus forms round the wound in the growing season, 
but is frozen on the recurrence of severe frost, and as, in 
frost-hollows, this may happen annually, a canker is thus 
formed, and the wood may be Idlled down to the pith, on the 
side from which the branch arose. These cankers are formed 
near the I'oot-stock of oaks and ash growing in depressions on 
stiff clay soil ; they may bo distinguished from others caused by 
fungi, as they increase in size only after severe frost. 

■ Frost-cankei's on Shorca rohusta are very common in frosty 
depressions in Northern India, the shoots being Idlled down to 
the ground annually until an abnormally large flattened stool is 
formed. Coppice- shoots of a variety of sweet chestnut from tlio 
south of France are also similarly frozen down in Alsace, while 
the common variety of the tree produces splendid coppice-poles. 

Section IV. — Uprootins op Seedlings by Frost. 

1. Genci’al Account. 

During Februaiy and March, when night-frosts alternate 
with thaws in the day-time, it is often found that young 
seedlings are raised with the soil, and in the subsequent thaw, 

VOL. IV. ■ .H H 
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when the soil sinks hack again, tlieir roots lose their hold on 
the ground, and the plants fall over and die. 



e 



Spmcc seedling (ft) raised (6) (c) and (d) and uprooted by frost (c). (iV^) original 

gtound'Ievel. 


In such cases the surface-soil is raised by the conversion of 
the water in it to ice-orystols, and the little seedlings are thus 
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lifted above their original position. When the thaw sets in, and 
the soil gradually softens and returns to its original level, the 
plants cannot do so, as their roots are in the deeper and still 
frozen soil, while the surface-soil is thawing ; when, therefore, 
the soil has completely thawed, the plants lose their root-hold 
and fall over, as shown in fig. 219. 

2. Damage done hi Particular Cases. 

(a) Sjjecies and Age of Plant . — ^Nearly all woody plants may 
be uprooted by frost during the first two years of their life, 
and especially those of shallow-rooted species, such as spruce, 
bu'ch, alder, beech, hornbeam, &c. Even ash, sj'camore and 
silver-fir are not unfrequently uprooted in this way. Sweet 
chestnut, hazel and oaks escape this form of injury on account 
of the depth to which their tap-root descends during germina- 
tion. The greatest damage is done in nurseries to seed-beds and 
beds of transplants, and to sown areas in forests. 

(b) Locality . — Certain soils and localities suffer more than 
others in this way. Thus, provided they are moist, light, loose 
soils, such as peat, sand, marls and loam, are most exposed to 
frost-lifting. Dry sandy soils do not suffer. As a rule, the finer- 
grained a soil is, the more water it absorbs, and plants are therefore 
more easily lifted in such soils, whilst in coarse-grained, sandy 
soil, the water descends, and the surface is therefore not subject 
to lifting. Soil bare of herbage is also more easily lifted than 
soil which is kept down by the roots of grass and weeds. 

As regards locality, deep depressions suffer most, as there is 
then less chance of the moisture dmining away. Warm aspects, 
except westerly ones, suffer most, as, on them, thawing and 
freezing follow one another most frequently ; northerly aspects 
hardly sufier at all from frost-lifting. 

8- Protective Rules. 

(a) For the Forest . — Drain away all superfiuous moisture by 
open drains; drain-pipes maybe used in nurseries. Planting 
should be preferred to sowing, and ball-planting is the best 
security against this evil, while spring-plantings suffer less than 
autumn-plantings. Where sowings are adopted, oats may be 
mixed with the seed, which should be sown rather densely, 

H H 2 
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(b) For Forest Nurseries . — Mix 25 to 83 per cent, of elny 
mtli fine sandy soils. Baise tlie sccd-bcds so' as to secure 
good drainage. Sow deeply and densely, and cover tho spaces 
between the drills or rows of plants with straw, dead leaves or 
sawdust, all of -which ai'e bad conductors of heat ; even cinder- 
dirt mixed Avith sand may be used ; this delays thaws. After 
weeding between tho rows of plants, fill-in with good soil all 
inequalities thus produced in the beds. 

It is ad-visable in autumn to leave a few irecds dn the beds, 
as their roots give coherence to the soil. Any plants which 
have been uprooted b}' frost, should be at once replaced, and 
fine soil placed round them. This is not an expensive operation 
if boys are employed, and onlj’ costs from threepence to foui'pence 
per tliouaand plants. 
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CHAPTER II. 

PnOTECTIOJJ AGAINST INSOI.ATION. 

iNSOiiATioN may dry up seeds and j’oung plants, or twigs and 
branches of trees, and may also scorch or crack the hark and 
wood of trees. 

Section I. — Drought. 

1. Appearance and Catinc of Injury. 

Woody plants and parts of them which have been dried by the 
sun, have much the same appearance as if they had been Idlled by 
frost; blossoms, leaves, needles and yonng shoots first wilt, 
then gradually turn brown and shrivel up ; they finally fall off, 
although dried leaves may remain for a long time hanging on 
the trees. 

This drjing-up of leaves and shoots is the direct result of 
prolonged hot, dry weather, which abstracts much moisture from 
plants and from the soil ; transpiration being thus greatly 
increased, plants pass off more watery vapour into the air than 
their roots can absorb from the soil, which becoming continually 
drier is less able to meet their demands. 

2. Damayc done. 

(a) In General . — Owing to the want of the necessary moisture 
in the soil usually caused by high dcgi-ees of heat, seeds may bo 
prevented from germinating, and young seedlings killed. In the 
case of older plants the foliage dries up and falls prematurely, the 
younger shoots may be killed, and the annual wood-increment 
may be considerably reduced. Occasionally single stems, or 
groups of polos may bo Idlled by insolation ; this is frequently 
the case with beech-standards, which after growing in a dense 
wood are exposed, as mother-trees, in seeding-felliugs. 
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Dry years, as well as frost-years, may be chronicled on the 
transverse sections of stems by the formation of narrow zones of 
wood, and Hemy' states that in 1898 the trees in Loi-raine only 
produced 30—76% of their normal increment. Ebermayert 
quotes several analyses of leaves taken from trees daring different 
months of the year, which prove that an early leaf-fall, due to 
drought, deprives trees of much nitrogenous matter and phos- 
p one nci . his loss interferes with the subsequent produc- 
on o j foi which a reserve of these substances is so 
ssential Thus, an analysis made by E. Weber at Aschaffen- 
burg, m 1872, gives the foUowing: 

. Fhosplioric Acid in 

jcoung leaves on 2nd May, 1872 . . . 23-89 

Fallen autumnal leaves of same tree . . 5 -no 

i^other analysis by EissmiiUer, made in Munich in 1874, 
shows that in May, thoroughly dried beech-leaves contain 
8 2 per cent., ^d in November only 7-8 per cent, of nitro- 

f’ the per-centage 

IS about h^f-way between these extremes. Similar figures hold 

fvident^tl therefore 

nitrogenous matter and phosphoric acid pass back 

of ^ ^ ^ “"«t lose a quantit^- 

ot these valuable substances. ’ 

liaS5!iv are a gi-eater 

Wt fires. insect-attacks, and increased danger from 

voinl'^to tr— ®®®®®PtiWlity of trees when very 
groups;— insolation is shown in the following 

(i.) T cry Susceptible Species. 

Beech, ash, sweet-chestnut, sHver-fir, spruce. 

(liO Sitsccjyi.%Jjilc SpccicB* 

Hornbeam, sycamore, alder, birch, larch, Oembran pine. 

• ^vue des Eaiuc et Forets. 18B5, p. 35, 

+ Ebennayer, Waldsticn. Berlin; 187^ ' 
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(iii.) Fairly Hardy Species. 

Elms, limes, Scotch pine, Sorhus. 

(iv.) Hardy Species. 

Oaks, field-maple, horse-chestnut, robinia, planes, Primus and 
Pyrus species, poplars, willows, black and mountain pine. 

(c) Age of Tree . — Sowings and plantings in the open arc 
most exposed to damage dui'ing the early years of their life, 
until they have completely covered the gronud. On poor, 
shallow soils, and in hot places, without lateral shelter, plants 
aged up to twelve or fifteen years may die from drought. It 
has been observed that older transplants on weedy ground suffer 
moi*e from drought than younger transplants on fresh clearings, 
as in the latter case dew and rain have more access to the soil. 
When once a plantation has closed-in, so as to cover the soil 
completely, the chief danger from drought is over ; but spruce 
poles have been occasionally killed by pi’olonged drought. 

(d) Locality . — In plains and hilly lands, the danger from 
drought is greater than in mountains, where the most extensive 
forests are found, as damper air, more frequent precipitations and 
raoister soil prevail. Small flat hills and narrow ridges suffer 
most of all. As regards aspect, the southern and south- 
western slopes suffer most from drought, and the northern 
slopes least of all. In ' very, narrow valleys which have been 
cleared of trees, or are scantily wooded, the reflection of the 
heat from side to side greatly increases its effects, and rows of 
houses have the same effect on street-avenues. Woods growing 
on calcareous soils, and especially on stony superficial soils 
above calcareous rocks, suffer most from heat, then those on stiff 
clays, whilst sandy soils are more favourable as regards drought, 
especially when the grains of sand are fine; woods on sandy 
loams and loams stand drought best of all. This is due to the 
following causes : poor shallow calcai'eous soil is not retentive 
of moisture, while the poi'ous rock beneath it drains away water 
rapidly from the surface ; marls and clays become hard when 
exposed to heat and crack in all directions ; coarse sands suffer 
more than fine sands on account of the greater capillarity of the 
latter, w'hich attracts Avater from below ; loams readily absorb 
rain, dew and snow-water, and retain moisture in the subsoil. 
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and can, therefore, easily replace the loss of the surface- 
Avater. 

(e) Soil-covering. — ^^Veeds, and especially a dense tall growth 
of grass increase the dangers of drought, filling the soil with 
their roots and absorbing and transpiring its moisture, which' 
w’ould otherwise be available for the woody plants gi-owing in or 
above the grass. A light covering of isolated shrubs, on the 
contraiy, may prove beneficial b3' shading the A’aluahle species. 

Leaves and moss on the surface of the ground shelter the 
roots of trees from the sun. 

(f ) Density of Stock . — Woods in which the trees stand some- 
what far apart from one another, suffer more from drought than 

well-stocked woods. Isolated, 
clean-boled standards withsmooth 
bark, such as beech, hornbeam, 
birch, silver-fir, reflect the rays 
of the sun on to the soil, as 
shown in fig. 220, and thus diy 
up the soil around them ; 3'oung 
natural - regeneration may fail 
completely around such trees. 

(g) JVeafkcr and Season of the 
Yeai ;. — The diying-up of little 
X>lants owing to drought may be 
recognizable earlyin the summer. 
A dry May with a continuance of 
cutting east- winds soon disperses 
the moisture in tfie soil which 
has accumulated during rvinter, 
aud if there is insufiicieut rain 
hr June, mauj* plants on areas 
recently sonii or planted ma.A* be 
lulled. If the dry weather should 
continue throughout Jul}-, more damage rvill be done, and it is 
generallj" from the middle of July till the middle of August tliat 
the plants die, for the maximum summer-temperature is attained 
at about a month after Midsummer-Daj'. IFrom the beginning 
of September, young plantations and sorrings rvhich har'c hitherto 
escaped maj^ be considered out of danger from drought. 


Fio. 220. 



B.'imogc to young growth by 
leflecteil lieat. 
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In India, the period of the dry season varies, being interrupted 
by about one week’s winter rain in the Punjab, whilst there is 
scarcely any winter rain in Bengal and none in Assam, where it 
is dry from November till April, the spring rains in April pre- 
venting any serious drought. In the North-West Provinces and 
the Punjab, May and June are the hottest and driest months, 
the summer monsoon lasting generally from July to September 
and into October in Assam. 


3. Register of Dry Years. 

During the present century, the following have been years of 
drought in central Europe: 1800, 1807, 1811, 1812, 1822, 1834, 
1842, 1846, 1857, 1858, 1859, 1863, 1865, 1868, 1874, 1876, 
1881, 1883, 1889, 1893 ; or, on the average, one year in five. 
To give a local example, the monthly rainfall and mavimnnr 
temperature observed in 1893, at Coopers Hill College, Surrey, 
are here given. 



Jaiiua\-y 
February., 

Harch 

April ... 

Jlay 

June 

.Tuly 


Haikfall in 
iKCBEb. 

Averaoe Max. 
'rCHl'CRATORE 

IK Deorses Fahr. 

1893. 

lST6-»2. 

1893. 

Aver- 

1675-02. 

Difle- 

rences. 

1-29 

1-98 - -69 

_ 


_ 

3 '07 

1-70 +1-37 





•38 

1-52 -1-14 

65-4 

47-1 

+ 8-3 

•12 

1-77 -1'65 

G3-6 

53-2 

+ 10-4 

•76 

1-92 -1-ia 

66-4 

59-8 

+ 66 

1 -75 

•2-22 -1-47 

73-6 

60-3 

+ 7^3 

2-14 

2-72 - -58 

07-4 

68-7 

- 1-3 

1-35 

2-38 -1-03 

72-4 

08-8 • 

+ 3-6 

1-01 

•2-26 -1-23 

08-1 

64 

+ 4-1 

6-10 

‘2-61 +3-49 

.... 



; 1-81 

2-54 - -70 




1 3-00 

2-01 + -99 
) 

— 

— 

— 

' 21 -81 

25*63 -3*82 



* Fori 


KExAaas. 


•iin. of the Mareh rainfall 
fell on tlio first 6 days of 
the month, about ‘Sin. fell 
on the 12th July, and 2'6in, 
on the loth October. 

The tcmponitui-e wtis above 
80° F. on the 21st April, on 
4 days in June, 5 days in 
Jnly, 8 days in August, 
and once in Soptember, the 
maximuitt being 91*8°, on 
the 19th August. 


All farms on the shallow soil above the chalk suffered greatly 
from drought, and there was scarcely any hay, and corn was 
vciy short in stalk. As regards the effects on forest growth 
there was an enormous crop of acorns and sweet chestnuts. All 
the lime blossom fell without maturing fruit, and isolated 
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beech, elm and lime-trees lost most of theii* foliage in August. 
The heavy fall of rain in February and the first few days of 
March soaked the ground so thoroughly that a plantation of 
tAventy acres of three-year-old Scotch pine transplants (5ft. X 5ft.) 
on the Bagshot sands, in Windsor Forest, was a complete 
success, in spite of the drought. 

4. Protective Rules. 

(a) During the Formation of Woods. 

(i.) Natural reproduction is preferable to artificial sowing, or 
if it cannot be earned out, choose deep-rooted strong trans- 
plants and cover the planting spots with sods or large stones- 
Nursery transplants, Avhen planted out in the forest, stand 
drought better than seedlings talcen directly from the seed-beds. 
Coniferous plants taken from the nurseiy Avith balls of earth 
round their I'oots, stand di'ought less Avell than strong Avell- 
rooted transplants; mound-planting also gives bad results in 
vei-y diy years, and it may then be necessary to plant out spruce 
only mider shelter of birch or Scotch pine nurses. 

(ii.) The soil should^ be deeply trenched, and sowing, or 
planting of yearlings, should be caiTied out simultaneously Avith 
the growth of a crop of oats, or buckwheat, which Avill shelter 
the young plants till the autumn ; the deeply trenched soil 
enables Scotch pine seedlings to form deep roots, and soil 
AA'hich has been aa'cII Avorked pai'ts Avith moisture less freely, 
and is more hygroscopic than a compact soil. In years of 
drought and on poor dry soils, moss should be pla'ced between 
the lines of sowings ; this costs about an acre. ' 

(hi.) In hot countries, planting should be done at the very 
commencement of the monsoon, and sowing is often preferable, 
as many plants, such as teak, form very long tap-roots imme- 
diately after germination. Planting may also be done by means 
of plants grown in small bamboo-baskets, which soon rot and 
allow the roots to spread in the soil. 

(b) Rules for Nurseries. 

(i.) Subdivide the area of the nursery by narroAV CA'ergi'een 
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hedges, or provide temporary side shelter by mats ; these pre- 
cautions arc especially necessary for siwuce. 

(ii.) Trench the nurseiy-beds deeply in autumn, and manure 
Avith compost, or burned sods ; this not only keeps the beds free 
from weeds, but also 2 >romotcs the development of strong 
fibrous roots. 

(hi.) Transidant yearling idants, especially of siirucc, into 
nursery-lines. 

(iv.) ^sursory-beds of seedlings may be temporarily pi-oteeted 
by sticking branches into the ground on the south side of the 
beds or all round them, or by covering them with mats, 
supported by a frame-work, 4 to 6ft. high, ns in protecting 
plants against frost. The mats may be removed during showers, 
and onl}' placed over the beds at the hottest time of day, 
from 11 .V.3I. to 3 p.m. Such shelter should also bo withdrawn 
in the autumn in order to harden the plants. Where branches 
are used to protect plants from the sun, Scotch or Weymouth 
pines are ijreferablc, as broad-leaved branches soon have their 
foliage sluivelled, and spruce needles fall oil’, while silver-fir 
foliage is too dense. 

(v.) Keep the beds free from Aveeds, as weeding i>rcA’ents the 
soil from caking, and renders it hygroscopic ; for this purpose 
the spaces betAvoen the plants should be hood in liot summers, 
even if there are no weeds. Soft earth may be placed on cither 
side of the rows of plants, AA’hon the bods are Aveeded. 

(vi.) The plants may be watered, or irrigated ; it is best to 
water in the evening, and Avhen Avatoring has been commenced 
it must be repeated from time to time till rain falls, as it 
encourages the formation of superficial rootlets, which would 
soon die should the beds become too dry. On this account the 
beds should ho Avatered only AA'heu absolutely necessary. The 
crust of earth on the surface of the beds, duo to Avatering, must 
from time to time he broken up Avith the hoe. An account of 
nursery-irrigation is given in Schlich’s Sylviculture." 

(c) Rides for Tauling Woods. 

All epicormic branches must he pruned from standards 
* Mamul of Foie&try, voL II., ji. 100. 



450 


PllOTKOTlOX AGAINST INSOLATION. 


rosci'VccT ill liigli forest, or over coppice, ns tliC}- kcci> rain ami 
dew from the voting plants, nntl rentier the stantlards stag- 
headed. Tlic standing-crop should he kept as dense as possible, 
and the natural soil-covering preserved. Trees along the , 
boundaries of a forest, or along roads, should he kept dense, and 
the outer row he allowed to branch down to the ground, so ns to 
exclude dry hot winds from the forest. A series of horizontal 
trenches may he dug along dr3' slopes, in order to retain the 
rnin-M*nter- 

(d) liiih's (htrhtg Utiltstiium of Tl’f)Of/«. 

Tho sccding-cnttiiigs on iioor diy soils should he kept dark, 
hut at the same time, after a good crop of seedlings has sprung 
up, tho plants should ho rapidly* or gradunlli* exposed according 
to their demands on light so that tlie^* mnj* get tho full heiiefit 
of rain and dew, and develop rapidlj*. All isolated smooth- 
harked mother-trees should ho felled, and-tho hare patches round 
their stumps x>lnntcd up. Small narrow felling-areas should ho 
ostahlishcd, running from north-west to south-east, ns far ns this 
can he done without danger from storms, so that tho 3’oung crops 
mn3' got lateral shelter from the old wood to the south-west of 
them. 


Skctiox n. — ^B.uiiv-SconciiiNG. 

1. Extvnml ApjHiiraucc. 

The name hark scorching*' denotes a well-known mnlnd}' of 
trees, which generall3' occurs on the western or south-western 
sides of stems and in directions intermediato to them, the 
W.S.W. side being the commonest sent of injuiy, while it oiil.v 
excoptionnll3’ happens on the southern side of a tree- This 
injury is first rendered visible b3' the diyiiig up of the bark of 
affected trees, which assumes a reddish coloui', and then 
graduall3’’ splits lengthuuso and horizontaIl3' from the stem, and 
falls off in pieces. The injured sapwood turns brown, tho brown 
colour fading gradually towards the still sound wood, and di\v 

* The torm harlt-aforehing is Hsed iu Soniorvillo’s ti-aiislntiou of Hftrtig's 
Diseases of Tiecs, and is ii better teiui than bark-blister, nhicli lias nlieady been 
applied to diseases cau-.ed by iuiigi. 





■ini 
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Btuk.scovching is Hic result “[^^\°"®'^"I„rLulli-ucst fiulos 
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iccoinc coiisiilcrnl> y 

Vks. 221. 
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tlini tlie iniixiiuunt daily tcmpcniinrc is in tlic iiftoriiooii, when 
the still Ims passed the iiifarklinn, nitd timl the lower the sau is, 
the move diropt nre its rays in the radial direction of the stem, 
mid tlio more iiitonsc arc their eflpcts. 

VonhmiRon found that the ninxiinnin tcnipprature on the 
W.S.'NV. side of n tree, hotween its borlt and sapwood, was 120'' 
I'nhr. when the n ir-toin pern turc was 91'' J'nhr., while in J^avaria, 
on the 18lh Aiigtihl, 1892, with nil nir-tpinperntiire of 90’'8 
I'nhr., Ilnvtio ohsorved n tempomluro of ISl'' Fnhr. between 
the bark and sajiwood of some isolated 80-ycnr-old sjtrncc trees, 
(.'ninbinin cells of Kiiropenn trees cannot withstand teinpcrnturcs 
botweon lO-l*" — lOtt" Fnhr. any belter than leaves and hevbnccons 
shoots, which are speedily killed by such temperatures. 

9. DnuiM;it’ done. 

(n) Jn finirraK — This malady reduces the technical value of 
the stems and frequently kills n tree. 'J’he 'forest -owner thus 
snlTors a loss of tiinbor and increment, to which may be added 
danger of breakage and of insect-attacks, and exposure of young 
growth requiring Khcllcr. 

(h) .Syieeies. — ^Jlnrk- scorching chiefly allcpts trees with long 
persistent smooth hark, ^^Ilicll is free from cracks, such as beech, 
also hornheam, ash, sycamore, lime, swcct-chestiint, cherry, 
mouiitnln-ush and niiple. Among conifers, ‘Woymonth pine and 
spruce suifer. Coarsely fissured-barked trees, svicli ns elms, 
oaks, Scotch pine and larch, never siifler in this way, nor does 
the pnrcliincut'likc barked hirch. Dead fissured bark is a bad 
conductor of heat,’' and does not therefore heconie heated like 
smooth hark, and nflbrds jirotcction to the camhiuni and bast 
against tbe sun's rays. 

(c) Part of the Tree.- — Bavk-scorcbing only nffecls the clear 
bole of n tree, and generally its lower port from tlie base 
uiiwards. The portion of tho stem which is immcdintelj' ahove 
the root-stock sulTors most where there is no underwood, owing 
to the heat reflected from tho ground ; the taller the stem and 
tho higlior the crown ubovo tho ground, the more cxiiosed is a 

* Iliatig states tliiit in Septcinbpr, ■nitli nti nir tciniK'nittiic’ of tiJt'S F., tlip 
tcinpomturcM on S.K. sidd of tliiii-lmikccl licccli nncl siitucc PS’6® F. mul 
82*4* r., \vlnlc that of Scotch iniio \vas 6S® F- 
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tree to eeorching. Large knots or low brandies localize tbe 
injury to the part of the stem which is below them, and stems 
covered with moss or lichens resist insolation, and so do treek 
Avhich ai-e branched down to the ground. 

An example of the bad effects of pruning trees exposed to 
insolation may he seen in the Mirwart Estate in the Belgian 
Ardennes, where a number of spruce trees planted to give 
shelter along the eastern side of a meadow have been pruned of 
all their lower branches, and are all badly scorched. 

(d) Age of Tree . — The trees mentioned above ai'e exposed to 
injuries by bark-scorching from the age of poles upwards, but 
large trees suffer more than smaller ones ; the latter, oniug to 
the greater curvature of their stems, do not receive so much 
direct heat as the former, and they radiate heat more freely than 
large trees. ■ In forests where bark-scorching is frequent, 60 to 
70-year-old beech trees suffer most. 

(e) Position of Trees. — ^Bark-scorching only attacks trees 
standing in the open, and especially those which have been 
recently exposed, after standing in a dense wood ; also trees along 
the westerly and south-westerly boundaries of a forest. Trees 
forming a dense leaf-canopy are never attacked, as their bark 
cannot become heated like that of exposed trees. 

(f) Sundry causes favouring Bark-scorching . — The locality 
and its surroundings, and the nature of the soil-covering, may be 
here considered. As westerly and south-westerly aspects are 
most exposed to danger, any woods forming protective zones in 
these directions prevent or reduce the effects of insolation. 
Undergrowth and soil-covering are also useful, as the reflection of 
the sun’s heat from the giouud is much greater when the soil, 
and especially calcareous or sandy soil, is fuUj’^ exposed. The 
malady is moat frequent during the hot mouths in beech 
forests. 

4. Protective Rules- 

(а) Avoid fellings by which beech- or spruce-woods may 
become exposed to the west or south-west. 

(б) Mix oak, elm, birch or conifers with beech. 

(c) Allow the trees on the western and south-western borders of 
a beech or spruce forest to branch freely down to the ground ; 
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this may be secured by making timely thinnings in young 
woods. 

(<Z) Avoid high prunings in the case of beech standard-trees, 
or any pruning of beech or spruce trees growing in hedgerows. 

(e) Protect the soil-covering of dead leaves, moss, &c., 
and preserve the undergrowth along the borders of a foi’est. 

(/) For the protection of specially valuable avenue trees, their 
bark may be smeared with a mixture of whitewash, clay and 
water, cow-dung and water, &c. 

Trees which have been scorched should not be removed, as 
they shelter trees behind them which would otherwise be 
attacked ; it is better to form a protective belt of some shade- 
bearing species, and not to remove the injured trees till this has 
attained a sufficient height. 

Section III- — Heat-crack. 

Beliug states that cracks in trees have been caused by 
insolatiou; this happens in the spring (April and May), when 
there are considerable differences between the day- and night- 
temperatures, and the ground being still cold, the centre of the 
tree does not expand so much as the bark. Cracks are thus 
formed on trees standing on southerly or south-westerly slopes, 
chiefly on beech 30 to 70 years old, but also on ^camore, 
hornbeam, oak and ash. The splits extend up the stem from 
near the level of the gi’ound to 20 and more feet in height. 
Owing to the drying and loosening of the bark, local decay may 
be introduced into the wood, but small cracks usually close up 
again without any permanent injury resulting. 

Schlich observed in the early part of 1895, duimg severe 
frost, that the bark of beech-standards cracked or split when the 
sun rose in the morning. All such cracks or splits occurred in 
the south-east or south side of the trees, the cracking being 
followed by an outflow of sap. Trees which had thus been 
injured in previous years showed a considerable amount of decay 
in the wood, having the appearance of bark-scorched trees. 
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CHAPTER III. 

photection against wtnds. 

ft 

Winds may be classified in various ways, by their speed, ns 
winds and storms ; their origin, land- or sen-winds ; their direc- 
tion according to the point of the compass from which they 
blow ; tho damage they inflict on forests, bj’ diying up the soil 
impeding height-growth and the formation of a regularly- 
shaped crown in trees, or by breaking and overthrowing indindunl 
stems or whole woods, the last injury being caused only by 
storms. 

Wind by blowing catei-piilars from older trees on to young 
gi-owth, may also increase the damage done by insects ; this 
has been frequently obsorred in the case of attacks by the nun 
moth. Winds also spread the spores of fungi. 

Section 1. — ^Prevalent Winds. 

South-westerly winds are most prevalent in central I'luropc, 
especially during autumn and early winter. They blow as cool 
■winds during summer, and are comparatively warm in ivinter, 
and bring much moisture and rain-clouds from the ocean. Dry 
winds from the north-cast and cast generally prevail during 
the spring, the cutting north-east wind on the coasts of the 
Adriatic being termed bora. In Switzerland, a hot di'y wind 
from the south frequently prevails during the summer months 
and is termed ybVm. 

1. Damage done. 

(a) General Account . — ^Winds dry up and disperse tho soil- 
covering, blowing dead leaves from slopes and ridges, and 
heaping them uselessly in hollows ; they hinder the formation of 
dew, and spread the spores of fungi, and the seeds of forest- 
weeds. Easterly and north-easterly winds di’y up the soil and 
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jovrng plants, and injure the foliage and fructification of trees. 
Strong south-westorly winds cause a misshapen growth of the 
crowns of trees, especially near the sea-coast and on the south- 
westerly borders of forests, where the trees are stunted in height 
and hare their croAvns bent over towards the east; thej’’ also 
break olT blossoms and tender shoots, whilst damp winds near 
the sea-coast also injure trees by the salt the3’ carry, which the 
rain washes from their leaves into the soil rendering it salt and 
unsuitable for certain kinds of vegetation. ' 

The results of these injurious influences nr-e ; — impoverishment 
of the soil, a rank growth of w'ceds, failure of i-oproduction, 
languishing of j’oung growth, loss of increment and forking of 
old ti'ees, spread of fungi, &c. 

(b) According to Species. — Broad-leaved trees suffer more 
from dry winds than conifers, the tender j'ouug foliage and 
inflovcBcencc of beech and hornbeam being frequently so dried 
up by the north-east wind that it appears to have been frozen or 
scorched by summer heat. The elm, oak, lime and birch are 
less liable to damage and still loss the Scotch pine. TiTioro the 
larch is exposed to south-westerly gales, it becomes sabre- 
shaped, carving outvs’ards and upwards from its base, especially' 
on shallow soils ; this is due to the wind from its seedling stage 
continually blowing the tree out of the vertical direction, which 
it strives to regain bj'- continued upward growth ; orchard-trees 
are similarly affected, whilst poplars, willows, and birch grow 
with then' stems bending towards the east. The shrub-like 
mountain-pine {Pinus montana var. uncinata Rand.) withstands 
the action of winds along the sea-coast, and so do the Corsican 
variety of Pimis Laricio, flio cluster or maritime pine, and of 
broad-leaved species, sycamore, Norwaj'-maple and white poplar. 

(o) Age of Trees. — Seedlings and little plants, especially in 
sowings and plantations, and young coppice shoots suffer most 
severely from cutting winds, until the ground is completely 
covered by their interlacing branches. Coppice suffers more 
than high forest, when the rotations are short, and high forest 
suffers the less, the closer is the leaf-canopy. 

(d) Localitg. — The most exposed localities are coast forests, 
cultivated plains with hedgerow trees, ridges and tops of moun- 
tains and hills, valleys running east and west, easterly aspects 
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uuproiectGd by higher hills, unsheltered plateaux, &c. The 
drier and less ■wooded is the laud, the greater the damage. 
Late spring and early summer are the most dangerous seasons. 


2. Protective Jitilcs. 

\ 

The chief rules consist in the maintenance of a good leaf- 
canopj', especially in localities exposed to prc'x’ailiug winds. 
Along sea-coasts, therefore, and in high mountainous regions and 
other exposed places, natui'al regenei'ation, selection fellings and 
the formation of protective belts are advisable. 

The following special rules 
should also be observed : — 

(fl) Sowings should rmi from 
north-east to south-west, and 
soil should be heaped up on 
the south-east side of the lines ; 
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this scem-es the young plants against frost and heat and is also 
the best protection against dry winds jh'om the cast and south. 
It can, however, be employed only on flat ground, for soAviugs 
on slopes must always be horizontal, in order to prevent the 
soil and seeds from being washed a-way by rain. 

(b) Planting with baUs of earth is advisable ; if planting is 
being done during a dry east -wind, the plants’ roots should 
not be exposed even for ten minutes, unless they arc covered 
by damp moss. 

(c) Belts of conifers 20 to 30 feet wide as in fig. 223 should 
intervene between broad-leaved forests and cultivated land, and 
should be established along forest roads. Spruce and silver-fir 

I I 2 
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are the host species for the purpose, hut if the soil is too diy for 
them, Scotch or hlnck piucs xony be used. Those protective belts 
are extremely useful in sheltei'in" ivoods from drought and prevent 
the removal of dead leaves by the wind, damage by frost, &c, : 
the external trees should be allowed to branch down to the 
ground, and along foi'est roads there should be a strip of land 
free from trees bej'ond the belt, to prevent the roads from being 
kept moist by the drip from overhanging trees. This is greatly 
preferable to lopjjing the border trees along a road-side, which, 
besides its unsightly appearance, admits the wind into the 
forest, and exposes the bark to sun-scorching. 

(d) All undergrowth which springs up along easterly' and 
north-eastei‘l5' forest boundaries affords a natural protection belt 
and should be carefully preserved, 

(c) Coppice should be cut from the west-south-west or north- 
west towards the oijposito bearings. In High Forests Ibis is 
only permissible on plains which are exposed to the east and 
for storm-firm trees such as l3io oak. 

Section II. — Stobsis. 

1. Origin of Storms. 

All winds are caused by differences in atmospheric pressure 
which result from unequal temperatures of the air in different 
localities. Whenever the eqnilibrinm of the atmosphere is 
thus disturbed, a current of wind sets in to restore it. 

A line joining all places Laving the same atmospheric pres- 
sure, as indicated by the height of the barometric column of 
mercury, after compensation for the elevation of the place above 
sea-level and for temperature, is termed an isobar. If maps are 
drawn, as in the Times' weaiher reports, showing the different 
isobars for every tenth of an inch, it will he noticed that the3' 
surround tracts from which either the pressure decreases in all 
directions, termed barometric maxima or anticyclones j or, from 
which the pressure similarly increases, which are termed centres 
of depression, barometric minima or cyclones. 

The n-ind always blows from the regions of high pressure 
towards the depressions, i.e., from an anticyclonie region towards 
a centre of depression ; it does not, however, blow in direction 
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iiol’mal or perpendicular to tlic isobars, but greatly inclined 
to this, owing to tbo effects of tbe earth’s rotation, which 
gives it a t\vist to the right in the northerly hemisphere. The 
strength of the wind varies with the baromcti*ic rfvadient, or 
difference in atmospheric pressure at places distant one 
geographical mile normal to tbo isobars. The closer, there- 
fore, the isobars are for any difference in the height of mer- 
curial column, the greater is the gradient and the stronger the 
wind. 

The isobars become crowded together wherever the pressure 
is low'Gst, and this fact, combined with the twist to tbe I'ight of 
the winds rushing in from all directions to fill a depression, 
causes the revolving storms also termed cyclones, the absolute 
■axes of which arc more or loss calm. Thus on the southern 
side of a depression, the wind blows from the S.W., on its 
western side from N.W., on its northern side from N.E., and 
on its eastern side from S.E. 

The isobars are closest together on the w’cstorn sides of de- 
pressions, so that the strongest storms come from a westerly 
direction (S.W. to N.W.). The depressions usually pass to the 
north of Central Europe, and traverse the continent from west 
to oast, so that storms usually begin blowing from S.E. and 
gradually change to S., S.W., W., and N.W. IMost of these storms 
travel aci’oss the British Isles, having originated in the Atlantic 
ocean or Gulf of Jlexico, but the south-cnsteily direction of the 
wind before a cyclone is not \cry noticeable here. 

Powerful storms therefore depend on the existence of barome- 
tric depressions, which may be only partial or irregular inter- 
ruptions of an isobar, in which case the storm only extends over 
a limited area. Violent storms of limited extent, but \vith steep 
gradients which do considerable damage over a narrow zone of 
countrj', ore teimied ioiiiadas. 

The direction of winds ma}' be considerably modified in moun- 
tainous countries, by the spurs of the mountains as well ns the 
directions of the valleys. Thus, a west wind may bo converted 
into a north or south wind during its progress through a 
valley. 

It is a still more frequent case for a south-west wind to be- 
come a south wind, and a north-w'ost wind, w'cst. 



rilOTECTION AGAIXST WINJ)S. 


4(j0 

Tlic rates of storms arc given as follows by Rouse : — 


Storm, or tempest 


Ynitlk 
pet Rccond. 

21 

Mile 
per hour. 

50 

Groat Btorm 

• 

29 

60 

Hurricane . 

• 

39 

80 

Destructive buriicanc 


49 

100 


2. Damage Hone. 

(n) General Nature . — Storms sbnlco the roots of trees up and 
down in the ground and may either give a tree a decided 
leaning in a particular dii'cctiou, or tear it out of the ground by 
its roots and with the earth adhering to them, or break its 
stem or branches. Such uprooted or broken trees arc termed 
n'inrlfalh. 

Whether the tree is blown down or broken depends partly 
on the intensity of the storm, and partly on the relative power 
of resistance of its roots or stem. Breakage happens when the 
roots resist bettor than the stein, windfall when the I'oots arc 
the weaker. Breakage may also bo duo to one tree falling on 
others. The amount of resistance to storms which the roots 
or stem of a tree offers, depends on the vortical and lateral 
extent of tho root-sj'stem, the nature of the soil, the length of 
the stem, the species of tree, the kind of crown it possesses, tho 
condition of soundness or unsonndness of its wood, tho densitj' 
of tho crop, mode in w'hich the wood has boon formed, &c.; each 
of these factors will be considered separately. 

Storms not only overthrow single trees, but also whole woods. 
A wood may have narrow clearings cut into it by storms 
corresponding to their direction, or large blanks may bo made. 

Breakage may be of stem, fork, crown, or branches; the 
stem may be broken off close to tho ground, or at some distance 
above it, and whudwinds frequently twist the entire crown off 
trees. 

The damage done by storms may bo direct or indirect. 

To the former class belong ; — lLobb of increment and breakage 
of timber, which may become only fit for firewood ; damage to 
young growth owing to the breakage of underwood by trees 
• standing over it which have been blown down ; inci'cased cost of 
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exploitation or of reproduction of -vvoods ; reduced prices, owing 
to an excess of material being suddenly thrown on the market ; 
irregularities in age-classes and in carrying out worldng-plans, 
also disorder in thinnings and in preparatory fellings. 

The disturbance of a forest working-plan may be so great, 
that it may become necessary to recalculate the annual 
yield of a forest, and to prepare a new table of annual 
felling-areas. Indirect damage done by storms is chiefly con- 
fined to invasions of bark-beetles and of weeds in the blanks 
and regeneration-areas, where the trees have been blown 
down. 

(b) Species of Tree . — Forests of conifers are far more exposed 
to damage than those of broad-leaved species, where extensive 
destruction by storms is comparatively rare. It would be diffi- 
cult to draw up a comparative table of trees of different species 
according to their capacity to withstand storms, as the amount 
of damage done is greatly modified by local circumstances ; 
but evei'green foliage and shallow root-systems render trees 
liable to be broken or blown over. As these two qualities are 
united in the spruce, this species is specially liable to damage 
by storms, as experience has proved. If, at any time, other 
trees suffer more than the spruce, this is due to the nature of 
the soil, to the extraordinary violence of the storm, or some 
other special circumstance. If, however, species such as silver- 
fir, or Scotch pine, with strong root-systems, are hindered from 
developing them normally, owing to the nature of the subsoil, 
they are exposed to danger equally with the spruce, and even 
more so ; for in euoh cases, they are compelled to have shallow 
root-systems which, unlike the spruce, they rarely develop 
evenly in all directions. Danger is also increased in the case of 
the Scotch pine, by the higher centre of gravity it possesses than 
the spruce. 

A list of species arranged in ascending order of storm- 
lirmness can therefore be drawn up only after allowing for 
the effects of local circumstances on each species, and pre- 
supposing a rational treatment in accordance with sylvicultural 
requirements. 

From this point of view, conifers are arranged in the following 
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i^nlcr t—Spriifi*, ‘.tlv<T*fir, j'ini*** nti'l triroli. (H thn puirt, lli*’ 
iiiontitiiht ftiul Oiiiltr.iii •( nt<> ino't fimij t!ir-n tli>' 

<’or>.ir;«n VJtri<'ty of t)ir Mick iwid the citmtcr, WcMiioiitli 

ji«(l Scolcli As rcpinl*! Itrii’iil*]c;i\nl s{i<>cir«,, tliom* tvkii’li 

me jiliuUnu-roolcil, Mich ns ns|H’ii. Itirrli, Ixsolu nml httmln-ntii, 
iitf h'lml Moriii-iiriti. Tlir l»ci-c|i Js more fr# ‘jociitly litonn*iltj«n 
Jlinii niiy of these sjii cics, herini*-" it is jiiosl nhninlmitly grOMii- 
The following Ireev nre fnirly s‘.orr>i>iiriii : — nOi, sycanjon, 
Xor«ny*ninpIc, elm, nldcr, Iltiie mtil unlaut ; the dei p-rouP'l 
o:vl;s withstiiiul stonns he <t 4if nil. 

(e) o/ — Slortiis chiefly ilnionp* Moods of a<l- 

Minctsl np', the .secuinl half or Inst thlnl of ti rotntion iM-in;,' 
most nuTatip-rcd. JCxteii'iivc (hiiiinp< is r.in’ in noods under 
sivty }‘<‘Hrs of n!'!*, und nc-‘urx only under evceplional eiiiidi" 
tiolix, hticli ns etinII<iM>r(ittl(s1iu‘xs of yoiin*' woods, soil without 
much eonsj.steiicy riwin« to salnrnlion hy min. Moods in \ery 
4‘.\p()8‘’d loenlities, or ivlicij nssniled hy exceptionally violent 
olonnH. 

Diiiuap* to ymmo trfe« consists more in musing them to 
doviiito from the wrltenl poHition. less hy iijirootiii!'. ttlid k-ss 
still in hieiil;ne«<. 

Ill the storm on the Jhiltle coast jj, lrt 70 , i„ the (freifsMrtld, 
•Jri-yenrs-old Scotch pines Mere iifrcrte-d. In IhTO, 15 to ‘JO- 
yenrs'old spruce and Scofeli pines M'ere serioiisly diimii<'ed. In 
sonic poIC'M'oods 2.1 to JJO ' of the Kteius xven' lieiit at nn a«;;Ic 
of flO*' toivurds the < u<,t and north-»-asl, 

id) Sf/striii of ^loiiiiifi'inrnt , — Ilijfh forests arc most exjKised 
to danger from storms. It is still nii open rpicstioii, ivlicther iin- 
evcn-iigod and irregular Selection forests siifl'er more from storms 
than the even-nged noods of the Clear-Cntting system, M-hich 
Clin onJj 1)0 nnsM'ored after thoroughly eonsklcriiig tlio modifv- 
ing influence of localities, and the ilcgrcc of skill M'ith M'hich 
the Moods have been treated. Among tlie coppice systems, that 
of lopping side branches is the worst, ns trees so treated have 
long narroM- crowns, on wliich Iho xvincl can exert leverage. 
Pollards sufler less, and ordinniy coppice least of nil. Coppice- 
wilb-Slnndnrds is also storm-finu, ns only the standards suffer, 
and damage to these is iucon.siderBblo, owing to their strong root 
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development end the uniformity of tlieir crowns, due to their 
growth in the open. 

(c) Nature of Stem. — ^Long, cylindrical stems with olfi^'ated 
and expanded crowns, having high centres of gravity, and 
affording strong leverage to the winds, are greatly exposed to 
damage hy storms. Thus standards in high forest above 
young growth are peculiarlj' liable to bo thrown or broken. 
Damaged or sickly trees, such as those with decayed roots; 
trees injured by game, insects, cankers, fungi, cup-shake, bark- 
scorching, &c., arc readily broken at tho damaged j^lacc. 

Uprooting of the tree Avitli tho soil attached to its roots is 
most frequent in the case of spruce or beech. Breakage 
of crown or branches is most common in the case of Scotch 
l)ine, alder, ash and robinia. The forked bi'anchcs and 
crown of the two latter species arc frequently broken bj' 
storms. 

lu the case of oaks it is chiefly the dry branches of stag- 
headed ci'omis which arc blown off by storms. 

(f ) Localitij . — In Germany, forests on hills and low mountain- 
chains arc mor-e nftccted by storms than those in higher moun- 
tainous regions. During the ten years, 1870 — 80, in the 
I’hiiringer-Wald and the Harz, damage by storms was chiefly 
at altitudes of between 800 and 1,800 feet; but in 1876, ex- 
tended to 2,300 feet. This is because at higber altitudes 
spruce trees are shorter in tho stem than those growing lower 
down, are also grown less crowded with low cromis in Selection 
forests, and have thus greater powers of resistance against storms 
than the crowded lanky stems of lower altitudes. 

The conflgurntion of the ground has n marked influence on 
the amount of damage done to forests by storms ; thus, gentle 
westerly slopes bordering on extensive plains or plateaux suffer 
greatly, and so do outlying hills and mountain ridges; also, 
narrow valleys running from the west or south-west towards the 
oast or north-east, hills lying transversely at the end of, or 
X)artly across such valleys, and steep slopes directly in the way 
of the stoim. 'Whenever south-westerly winds prevail, a storm, 
after crossing a mountain ridge, must descend its north-easterly 
slope ; if then the wind has to find its way across the ridge 
through narrow felling-areas between high woods, or by funnel- 
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shaped ravines, the damage done on the north-easterly slope 
will be increased, as the confined space in which it moves 
increases the violence of the storm. It is found that storms do 
more damage doum-hill than up-hill, and for the following 
I'easons : — 

(i) Trees have stronger branches and roots dowm-hiU, as 
they get more light, and consequently more nourishment in 
that direction ; they, therefore, have a natural tendency to fall 

down-hill, whilst their hold 
on the ground is also less 
effective against strong irinds 
which blow down-hill. 

(ii) Winds which ore 
bloAving up-hill are continu- 
ally losing force by their 
Motion with the soil and 
crowns of the trees. 

(iii) The centre of gravity 
of a tree has to be raised 
less when blown over from 
above than from below', as the 
annexed diaginm show's : — 

Here s is the centre of 
gravity of the tree, and 
U’, two roots, and if 

the tree is to be thrown up- 
hill by the wind, s must 
be raised through a b, if 
dow'n-hill, through c d which is less than a h. The greater the 
gradient of the slope, the more endangered is the tree. 

Shallow, loose, spongy soil affords a bad root-hold; this 
explains the great amount of windfall which ocem’s on moors 
and sandy soils, or when the subsoil is a loose clay, into 
which the trees’ roots do not penetrate. It has been observed 
that windfall in the Schwarzw'uld is more frequent on the 
red sandstone formation than on gneiss, granite, basalt or 
porphyry. 

In woods which have been planted on the sites of old fields, 
windfall is frequent, owing to the looseness and comparative 


Fig. 224. 
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poverty of tlio soil. Soils in which root-rot frequently occurs, 
such ns cnlcnreous soil, or land with n wet subsoil, ni'C liable to 
windfall ; a high soil-covering, such ns henthor, broom, thorny 
or shrubb 3 ' undergrowth, is hero bcnelicinl, ns those plants bind 
together the particles of soil. 

Heavy rain-fall nccompanj'ing a storm greatly diminishes the 
coherence of the soil, nnd increases the danger of up-rooting, 
its effects vary of course with the nature of the soil. Frost, 
on the contrary, gi'catlj’ increases the coherence of the soil, 
ospeoinlly "when the ground is covered with snow. 

(g) Density of Crop.— Trees growi in ihc open, owing to 
their well-developed root-sytems and low pyramidal crowns, - 
withstand storms much bettor than stems which have been 
drawn up in dense woods and then rcccntlj' exposed in thinnings 
and regeneration fellings. The latter improve in their powers 
of resistance, as they got accustomed to their open position. 
Their root-systems become enlarged ; in crowded woods, how- 
ever, the stems afford one another mutual protection against the 
wind. 

(h) Season. — Storms may occur at any season of the year, 
but the most destructive storms are during winter; autumn 
storms accompanied by heavjr rain are also frequontlj' veiy 
disastrous to forests. 

3. licfjistcr of Storms. 

DuiTiig the past ceutnry, the following arc the dates of the 
most wide-spread nnd disastrous storms ; — 

1800 (3rd and 9th November). 

1801 (29th and 80th January). 

1838 (17th and 18th December). 

1884 (4th January). 

183G (29th November and 24th — 26th Decembor). 

1842. {3rd May). 

1853 (14th and 15th December from S.iE.). 

1866 (16th November). 

1867 (8th April). 

1868 (7th, 11th, and 29th December). 

1869 (17th December). 

1870 (26th and 27th October). 
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1872 (12tli and IStli November). 

1875 (8th and 13th November). 

1876 (12th and 13th March). In this storm, about thirty 
million cubic feet of timber xveve blown do^vn in the State 
and Communal forests of Hesse, or 84 cubic feet per acre, 
being 125 per cent, of the total annual yield of the forests. 
The same stoim cleared 24 cubic feet per acre in the Saxon 
forests, or 40 per cent, of their fixed annual yield. 

1877 (30th and 31st Januaiy, and 10th and 12th February). 

1879 (20th and 21st February, 25th June, 20th November 

and 5th December). f 

1880 (2lBt October). 

1881 (14th and 15th October). 

1884 (20th and 28th January). 

1885 (15th October). 

1890 (23rd, 24th and 27th January). 

1898 (8th and 12th December). TeiTific storms over the 
north of England and Scotland accompanied by violent rain, the 
wind blowing at 90 miles an hour in the Orlmej'S. 1,850,000 
trees, valued at £282,268, were blown down in Perthshire and 
Forfarshire, the only conifers resisting the gale being Corsican 
and maritime pines. 

1894 (22ud December). A similar storm to the above, which 
orrlj” did less damage to the Highland woods because there were 
fewer trees left to be blown down. Great numbers of rooks, 
starlings and other birds were entangled in the branches of 
trees and killed, or blomr into the sen. 

Taking a general riew of the storms in Central Europe, 
during the jrroserrt century, the years 1801, 1833, 1868, 1876 
and 1893, have been the worst, and there has been on the 
average orre destructive storm-yenr every four years. 

^Tiiriwirrds are of rare occurrence in Central Europe, and 
are usually orrly of limited extent and short duration. Oir the 
1st August, 1877, a whiriuind fifty miles to the north of Borliir 
destroj'ed three-aud-a-half milliorr cubic feet of standing timber 
over a breadth of two-and-a-half miles. The coast districts 
betwecrr the months of the iVUssissippi river and Charleston are 
subject to terrific hurricanes, and in August, 1893, scarcely a 
tree was left stnrrding in the islands there, nenri 3 ' 2,000 people 
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.were Itilled, end I'l ,000,000 worth of properly deslroyctl, the 
wind hiivin'T blown ill the rnlc of 125 miles per hour. 

•J. PrnitTliri' liiilrs. 

(ii) Ihtrhiii the Fonmiium nf If'oi/rhi. 

(i) ]''iivour the cnltivnlion of brond-lcnved specir-s wherever 
this is possible. 'J’hc dnninge done by storms during the Insl 
ten j'cnrs is n warning to foresters who are so rc.ady to convert 
broad-leaved into coniferous forests; this should only be done in 
cases of extreme urgency. 

(ii) Drain damp localities before making rogoncrntion-follings. 
(hi) Use strong transplants 4 to 0 fool apart, so ns to ensure the 

growth of sturdy trees. I’lnnting spruce gives better results 
than sowing it. 

(iv) Mix deep-rooted species with shallowrootcd ones; for 
instance, mix oak, ash, sycamore, larch, or Scotch pine with 
beech and silver fir, and lurch with spruce, 

(v) Maintain protective bolts along the boundaries of a 
forest, where prevailing winds arc to bo feared, IJoundaiy 
ditches should not bo dng along these bomulnries. ns they cut 
through the roots of the nearest trees. 

tb) Dnrhttf Trndimj. 

(i) Early, freiiucnt and moderate thinnings should be made, 
BO as to ensure normal root-systems, sturdy stems, and regularly 
shaped crowns. During the thinnings, nil trees should bo re- 
moved which have suffered iiijuiy to their bark, or which are 
forked, diseased or affected with fungi. It is better in thinning 
young spruce-woods not to dig up stumps, ns in so doing the 
roots of neighbouring trees may be cut through. Heavy thinnings 
in lanky and hitherto densely growing woods arc dangerous. 

(ii) Trees along the borders of a forest should be allowed to 
branch low down the stem. 

(iii) Endangered border trees standing over young growth 
may be temporarily preserved by thinning out their crowns, 
and cutting those branches w-hich extend at riglit angles to the 
direction of the prevailing irind. This has been successfully 
carried out with spruce at Stammheim, in Wurttcmber<» 

• ‘‘Scribner’s Mngarinc," Fobrnnry, lS9i. 
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(iv) Cnrefnlly avoid all causes leading to defects in trees; 
thus, rosin-tapping should ho stopped in spruce forests, doer 

which peel trees .should he shot, and careful forest protection 
secured. 

(c) During DcUings. 

(i) A\ oid T er 3 ’ long rotations, ns the area of a forest cx 2 }osc(I 
to danger from storms increases in proportion to the lengtli of 
the rotation. Thus, considering that danger from storm coin- 
monccs when the trees are fifty years old, we have : — 

ith 120 years rotation ^*xths of the area endangered. 

*• » «» itlis „ „ 

” >» M .iths „ „ 

(ii) All grontlj’ exposed places in mountainous regions sbotild 

Fas. 225. 



Selection system, and the slopes should 
not be touched till the summit has been regenerated. 

11 Cj^eneiation in narrow strips commencing in the dircc- 
ton opposed to the provailtog oind, otonld bo ^bsHtood for 

j”S at ouoo OTOr a whole compartmout, 
especially in spruce forest, 

regenerated in the direction 
opposed to the prevailing u-inds, which is generally from east or 
north-east to west or south-west, so as to secui4 a constantly 
giaduated succession of young woods on the windy side.of the 
older w_oods. Nothing can ward ofi* storms better than such a 
Slope ot trees as is shown in fig. 225. 
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As such a succession of felling-areas may encourage insect 
attacks and would not be practicable over the whole area of a 
forest, it is usual to arrange the age-classes in a number of 
cutting-series, running more or less parallel to one another 
through the forest from east or north-east to west and south- 
west. Age-classes are, however, seldom so an-anged that an 
old wood will not occasionally be found directly oi>posed to the 
force of the wind, after it has been exposed by felling another 
mature wood to the west of it, and in such cases, a severance- 
felling is required. 

This is a narrow clearing made through a wood, to strengthen 
the border trees on its weather side, so that by the extension of 
their crowns and root-systems, they may protect the dense 
wood beyond them from storms. Severance-fellings should be 
forty to fifty feet broad, and as neaidy as possible at right-angles 
to the direction of the prevailing wind; they must be made 
before the trees are too old to respond to the increased exposm^e 
to light. The cleared space should be at once planted up, and 
thus itself form a protective zone when the woods beyond it have 
been felled. 

• Figs. 226 and 227 show the arrangement of the age-classes 
in a forest at yternberg, in Thuringia. If it is wished to fell 
the 70-year-old ivood without endangering that 60 years 
old, which it at present shelters from the west wind, it becomes 
necessary to separate the two woods by a severance-felling. This, 
as the diagrams show, has been already done six years ago, when 
the strip was planted with d-years-old spruce transplants, 
which now form a 10-year-old protection belt to the 50-year- 
old trees. The westerly border-trees of the latter, have now 
become so wind-firm that the severance-felling (6) might be 
widened. Another severance-felling (a) has also been made 
between the 30 and 50-years-old woods, because the latter 
is to the west of the former and will first be mature. The pro- 
posed widening of (a) is marked in fig. 226 by a line, and in 
fig. 227 by shading, but it cannot be carried out until the 
younger wood has become more wind-firm. There is no ap- 
pai'ent necessity for the severance-feUing (c), as the woods on 
both sides of it are of the same age, but it has been cut, in order 
that the large fiO-j'ears-old wood may be divided into two cutting 
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series, both beginning from the cast in order to avoid tbe 
UGccssitv of having too large felling areas. 


Fl«. 220. 



10 jrcats old, 30 years. BO jears. TO years. 

Flan of fart of tlic Zellacr Forest, 3 scvcrancc-feJlings, a b e. 



Section of the Tiood along A B. * 

J.Jie nninbcis refer to the average ago of the trood. > a b e Scverance-fcIIiDgs. d Bead. 
The lO-ycar-old wood is a protective plantation. 
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When felling actually commences in the TO-years-old wood, 
a protective belt should be left along its eastern border, 
consisting of a double or treble row of trees, the crowns of 
which have been thinned by lopping away some of their branches, 
as shown in fig. 228. Severance-fellings are extensively used 
in the Thiinngian forest belonging to Saxony and other States, 
where the crop is chiefly spruce. 

(v) Felling-areas should have long straight boundaries, as 
fellings in outlying corners of a forest may easily admit 
storms. 

(vi) A system of rides with storm-firm borders should be 
laid out, which affords protection against storms ; the principal 


Fig. 228. 



rides should be parallel to the storm-direction, and the secondary 
rides at right angles to it. 

(vii) Fellings in high forest follow one anotbea' fi’om east 
or north-east to west or south-west according as a compartment 
is cleared in several years, or in one year. 

Fig. 229 represents a normal arrangement of age-classes 
in a forest,* the periodic blocks being variously shaded, and 
the compartments drawn square instead of oblong, so as to 
take up less room. The white compartments are the youngest, 
'forming the woods of the fifth period, and the darkest compart- 
ments are those of the first period, where fellings will be at once 

* A period is an integi-al part of a rotation, and a periodic block is the area of 
forest s^ich will bo felled during any period. Thus a rotation of 100 years may 
. be divided into 5 periods of 20 years each, and a working-section of a forest into 

five periodic blocks, the trees in which are aged respectively 0 — 20, 21 40 

41—60, 61—80 and 81—100 years. 

VOL. IV. 
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commonced. The iutormediato shades represent the second, 
third, and fourth periodic blocks. 


Fig. 220. 
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Denzin has, howerer, proposed that this arrangement of 
felhngs, which is the one usually emploj'ed, should -way 




STORMS. 


4.73 


for that shown in fig. 230 which he considers to afford better 
protection to woods of second period against south-west, west 
south-west, and south-south-west winds. 

The objection to this arrangement is that, although the woods 
of the second period are better protected against west and south- 
west winds, yet they are completely exposed to the cutting 
north-east winds with the accompanying danger from rime. 
Hess thinks that further experience is necessary before de- 
ciding between these two arrangements, and also as regards 
the shape of compartments, whether square*" or rectangular, 
as this may also affect the amount of damage done by storms. 

Fig. 231. 


h b 



a. Heaps of stones, b. Pruned and topped sprnco trees. 


(viii) It is useless leaTing standards of shallow-rooted species, 
such as spruce, in exposed places. 

(ix) Stumps should not be dug up in preparatory and seeding 
fellings, where storms are to be feared. After storms have 
damaged valuable middle-aged woods, further damage may be 
prevented by thinning out the crowns of trees left standing on 
the exposed sides of woods, and lading their roots with stones 
if they are easily procurable. 


* The question of the direction of fellings in mountainous districts, and of the 
proper shape of compartments, is discussed in detail by Karl Heyer in det 
Waidhau, 1878, p. 52 et seq. ’ 
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5. Treatment of Windfalls and Wood-brealcage. 

On account of danger from bark-beetles, wbiob follow extensive 
breakage in a wood, prompt measures must be taken after 
damage has been done by a storm. 

(a) Convert the broken material and transport it ii'bm tbc 
wood as soon as possible, after stripping the bark from all stems 
and broken pieces, at any rate of conifers. 

(b) All wood unfit for iamber should be split and the stacks of 
fuel should be set up in well aerated places. All rubbish may be 
made into charcoal or even burned, if necessary. 

(c) Stumps and roots of coniferous trees should be grubbed 
out and split up, even if a pecuniary loss is involved. In broad- 
leaved woods, on the contrary, up-rooted stumps should be 
replaced in the ground, or at any rate, the earth knocked from 
the roots and the holes filled up. Ordinary cart-jacks may be 
used to replace the stumps ; they cost about 45s. each, and 
two jacks ai'6 required for each stump. In a beech-wood, fiftj'- 
one men at two shillings a day replaced 422 stumps in this 
way at a cost of fourpence a stump. 

(d) Favourable conditions of sale should be offered so that all 
broken wood may be sold as soon as possible. All intended 
fellings should be postponed until the volume of the broken 
wood has been calculated, and deducted from the annual yield. 
If there is more wood broken than the fixed annTigl yield, all 
principal felUngs should be postponed for a year or more. Some 
idea of the large quantity of wood which is blown down may 
be gained from the fact that in the spruce and silver-fir State 
forests in Wurttemberg, about one third of the fixed annual yield 
comes from windfalls and breakage. 

6. Treatment of Woods which have been Damaged by 

Storms. 

When we consider the great variety of local circumstances 
which infiuence the degree of damage done by storms, it is 
impossible to draw up special rules for the treatment of injured 
woods which will meet all cases that may occur. 

A few general rules will, however, be given which are applicable 
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to the cominoQci' cases for trees and poles, no damage being done 
by storms to thickets of saplings or to coppice-shoots. 

(a) Injured Trees. 

All mature or nearly mature woods which have been badly 
invaded by storms should bo felled earlier than was otherwise 
intended; this is especially true for woods which have thus 
become full of blanks. K, however, the storm has only caused a 
few blanks, the date fixed for fellings need not bo anticipated. 
Small blanks duo to the fall of single trees, or small- groups of 
trees, cannot well bo planted up, as plantations succeed badly in 
such idaces, and within ten or fifteen years the crowns of the 
surrounding trees will close them again. Large blanks, how- 
ever, should be at once planted, before they become covered 
with weeds, unless natural regeneration can bo secured. 

In planting blanks, about 20 to 25 feet should be loft implanted 
round them, as plants within this strip would suffer from tbo 
shade of the surrounding trees. 

In filling blanks in spruce and silver-fir woods, beech, horn- 
beam, sycamore, or silver-fir are preferable ; but if the forest 
contains rod doer, silver-fir plants w’ill require fencing with 
hurdles. Scotch qnno and larch-woods when damaged bj’ storms 
may be filled up with spruce, Weymouth or Corsican pines; 
beech-woods, where the soil is deep, with oak, and on good but 
stony soil ivith sycamore, in wet places -with ash, or alder. 
When the next felling takes place, these groups of young wood 
will be carried on for another rotation, but will be thinned and 
pruned whore they endanger the future young beech. They 
ivill eventually yield fine timber trees. 

(b) Injured Tales. 

It is vei-y difficult to decide on the proper treatment of polo- 
woods when broken into by storms. Px'omnture fellings would 
be undertaken only when the damage done is on a largo scale, 
or -when these woods interrupt the normal cutting-series, or 
when they would not expose neighbouring woods to tho west. 
In general it is not advisable to foil damaged pole-woods, but 
their treatment will vary according to species, locality, area of 
blanks, &c. Small blanks could be left unplanted for the same 
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reason as that given for older woods. Larger blanks could 
he planted mth large transplants of beech, hornbeam, or 
sycamore. 

Larch and Weymonth pine owing to their rapid growth would 
soon fill up the blanks, but the larch does not thrive every- 
where, and the Weymouth pine does baldly in mountainous 
districts. Here also 12 to 18 feet interval should be left between 
the plantation and the still standing poles. Woods intended 
for natural regeneration may be trained up by means of heavy 
thinnings to produce seed earlier than usual. 
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CHAPTER IV. 

mOTEOTION AGAINST VIOLENT EAIN. 

1. Damage done. 

Heavt and prolonged rainfall and occasionally water'spouts, 
damage forests by carrpng away the dead leaves, the soil, and 
seeds ; by up-vooting young plants, the roots of which are not 
suiBciontly developed, such as seedlings and nursery transplants 
recently put out ; by causing local swamps, destroying roads and 
ditches, loosening the roots of trees, preventing fruit from 
ripening, and breaking it off. 

The results are impoverishment of the soil, failure of sowings, 
blanks in plantations, liability to windfall, loss of seed, &c. 
As regards the locality, steep slopes with loose light soil, 
which are neither covered with woody growth, nor with herbage, 
moss or dead leaves are most liable to damage. Loose soil 
when saturated with rain renders the roots of trees less secure 
against windfall. Clay soils are also injuriously affected by 
hca\'y rains, as a crust forms on their surface, excluding air 
from the roots of plants. 

2, Protective Rules. 

(а) Maintain the forest growth and natural soil-covering of 
herbage, moss, and dead leaves on all steep slopes exposed to 
flooding. In high forest, it is best to have natural regeneration 
under a shelter-wood, but on slopes, coppice is loss heavy than 
high forest, and protects the soil as well. 

In planting up such localities, the slopes may be terraced with 
advantage, and planting, which is preferable to sowing, should 
be in horizontal lines commencing at the top of the slope. 
Por dry calcareous slopes the black pine is moat suitable. 

(б) Establish a system of horizontal trenches on dry slopes ; 



478 


PllOTECTION AGAINST VIOLENT KAIN. 


these may be of two kinds, the one designed to lurcst the 
descent of the rnin-watcr, and the other to catch the dead leaves 
which would otherwise be washed or blown down the slopes. 
The former trenches arc from 10 to 12 inches deep and 25 to 
80 feet apart ; they should be in lengths of 12 to SO feet, to 
prevent the formation of drains. These trenches retain the 
excess water after heavy i*nin, and part with it gradually to the 
soil. Leaves ai‘o washed and blow'n into them and the soil is 
thus improved. In oak and beech forests, they catch the acorns 
and beech-nuts which are rolling downhill, and thus natural 
regeneration may bo secured. If the trenches are intended 
merely to retain the dead leaves, the}' arc made narrower than 
before, and closer together. 

(c) All measures which cause or favour loosening of the soil 
should be abandoned in such places ; these arc ; — extraction 
of stamps, pasturing cattle, trenching the soil, &c. 

(rf) In order to protect forest road s' from the eflects of violent 
rainfall, ditches and culverts should be constantly kept free 
from weeds, silt and dead leaves. Where the road passes 
through a sandy cutting, tho banks on either side may be 
terraced and fixed by w’attlo-work fencing, stakes of living 
willows being used, and sand-fixing species planted between 
the fences. 
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CHAPTER V. 

rnOTECTION AGAINST HAIL. 

1. Damaffe done. 

Hail complctelj' beats down young plants, anti injures sap- 
lings, poles and young trees by breaking off leaves, blossom, 
fruits, 3 'oung twigs, and lending shoots, and by stripping off 
flakes of bark, either in little patches or short strips, and thus 
exposing the carabiuin-zone. The marks of the wounds made 
by bail in the bark of trees ai’c often noticeable for a long time, 
tbo amount of damage done depending on the si'/.e of the hail- 
stones. 

In consequence of damage by hail, there is a loss of incre- 
ment, in certain eases deformed growth, decreased production 
of seed, and even death of trees. Through the wounds made 
bj’ hail, spores of species of Kcclria and other fungi may gain 
admission to the tree. 

Conifers suffer more ’ from hail than broad-leaved trees, 
espcciallj' the Scotch, Austrian, and Weymouth pines, the 
spruce and silvcr-flr somewhat less ; the larch soon recovers 
from injuries to its shoots or bark. 

Among broad-leaved species, those with less power of 
occluding wounds, and with thin bark, such as the beech, 
suffer most, but the oak, robiuiu and other trees when 
young may be seriously injured ; the birch ouing to its 
elastic shoots and leathery bark does not suffer much from 
hail. 

Young plants 1 tol5-ycars-old ai-e most endangered, ycarling.s 
being often destroyed by a hail-storm ; and sowings, esjieciallj' 
when on a large scale, suffer more than plantations. Poles 15 
to 30-ycars-old suffer less than younger plants, while serious 
damage is rarely done to trees over SO years old. . The later in 
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ibo spring tlio Imil occurs, tho grontcr is tbo dumngc, eapccittllr 
to smootli-bnrkffl, wenkly plntits. 

Oaiv-roppico for hnrk nn<l osior-bcds innj* snflcr severely from 
Imil, nn<l. iii liigb forest, open woods snffer more than dense 
woods, and isolated trees and tbose along the borders of the 
forest Bnflcr most. 


2. J'l-rnih-iii'e nj Jlml-stornm. 

linil-storms are not vei^* common in Europe, they occur only 
in late s])ring or summer and genernllj' during tbe day-time. 
They nro very severe in nortbern India, occurring generally 
during Ajiril and ^lay, and the stones nro tben frequently os 
large as walnuts, and batter stucco buildings ns if they bad 
been .subjected to a volley of musketry and even penetrate 
corrugated iron roofs. Sucb bail-storms mnj' coniplctolj' strip 
tbo young sboots from trees and ten-busbes, in tbe latter case 
causing damage which may bo estimated at thousands of pounds 
for a tea district. 

In Germany there are, on the average, only about five 
bnibstorms a year, but on the west const of Europe there 
are about fifteen. These are sometimes very local, extend- 
ing only over small areas. Thus, in Cnmbridgcsbirc, within 
ton miles around the village of Chatteris, double tho usual 
rates of iusurnuco for ugricultnrnl crops against bail are 
charged. 

Hail-storms aro very prevalent in 'Wiirttemberg, where 
thousands of acres of cultivated laud arc annually laid waste by 
bail ; a record of them has been kept siiico 1828, which shows 
that forests reduce tbo velocity of the wind and neutralize 
electricitj*, but does not show that these iuilucucos are elfeotivo 
in preventing bail-storms, or in limiting their range. Observa- 
tions have also been made at the jMctcorologicnl Oilico at Zurich 
in Switzerland, between 1883 and 1893, and in discussing 
these, Dr. C. Hess'^ states that bail is moi'o frequent in valleys 
than on mountains, where it is often transformed into sleet or 
rain. Kour marshes and lakes, bail is more frequent than 

* Extract Iroin *• Nature,” .Tanuary 3, 1805. Translated from "Nnturwis- 
srnsrliaftlicli tVocbciisclirift ” for December 0, 1894. 
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over woods. On passing over caUivnted lands or hill forests, 
there is a tendency to a decrease in the intensity and at times 
nn entire cessation of the haiUslortns. 

S. Protection and Ttemcdial Rules. 

All blanks in forests should be filled with strong trans- 
plants. 

Broad-lcnvcd species badly injured by hail should bo cut 
back if young enough to shoot out again from the stool. 



482 


PROTECTION AGAINST SNOM'. 


CHiU^TER VI. 

rnOTRCTION AGAINST SNOW. 

1. Damage done. 

(n) General Account. 

Snow injnrcs forest jilants by its downward iircssaro wLcn 
l 3 ’ing on their branches, by ivhich thej' mnj' be bent, or broken; 
oven entire stems, or woods, maj' bo bent, broken, or partially 
uprooted bj* the weight of snow resting on their crowns. Tlie 
term snoW‘hrca1: is used to denoto the breakage of stems or 
branehos, and chieflj- occurs when the ground is frozen, and 
bending when it is soft. 

A special form of injury arises when masses of snow sliding 
down hill-sides fall on undergrowth and crush it ; this is not 
uncommon on cold aspects. The results of damage by snow 
resemble wind-break. Other indirect damage is done, when 
the ground becomes soft and yielding after a rapid spring thaw, 
which occasions floods and landslips. 

(b) Species of Tree. 

Trees u-ith pendulous or flexible lenders or branches, such ns 
birch, larch, deodar, and others with n tendenej* to a squat shrub- 
like habit and to form side-shoots into leaders, such ns the 
mountain-pine, green alder, and most rhododendrons, arc adapted 
to gi‘ow in regions where much snow falls auniinlh'. On the 
contraiy, trees with brittle attachment of the branches to the 
stem, such as Finns rigida. Mill, and some Eucalypti may 
withstand frost, but are broken to pieces b}' the snow. 

Most hiUropean trees withstand snow fairly w'cll, but ever- 
green conifers suffer most from it, in the following order : ■ 
black, Scotch and M^eymouth pines, spnicc and silver-fir. 

The larch suffers much less fi-om snow than othei* conifers 
owing to its having no needles in winter for snow to rest on, but 
it may be injured when snow falls in autumn before it has lost 
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its needles. Piiiiis ('mhm is nnotticr free found nt In'gh nlti* 
ludes : though growing slowly, it nttaitis n great, ago, and resists 
the snow owing to its tufted foliage and tendency to form new 
leader.'!, which the silvcr-ltr also possesses. 

The hlnekpine does not resist snow well owing to its long 
noodles, which allow nmch snow to rest on its crown. 'I’lic 
spruce generally sntTera more than Scotch pine, ns it grow.s 
nt nUitmlc.s nnd on n.spccts where snow is most frequent and 
least liahlc to thaw; the Scotch pine on the other hand, is 
chiefly giowii in plains where snow is less frequent and thaws 
sooner and cannot therefore nceumnlnte in nnisscs on the crowns 
of the trees. 'Wherever the apnicc nnd Scotch pine grow to- 
gether in mixed woods, it is found that the latter is less rcsisling 
owing to the hrittle nature of its wood ; the .spruce being more 
clastic and splitting less readily can support a greater weight of 
snow than pines. The silver-fir is more rcsisling than the 
spruce, ouiiig to the greater depth of it.s root-system and the 
more upward insertion of its branches. 

Among hroad-lonvod trees, the beech .snflbrs most from snow, 
ns this tree ascends higher in mountains than other jmjwrUmt 
brond-lonved species. 

Alder, rohinin, aspen, nnd Salix fratiUin snU’er on account 
of their brittle branches, nnd even the birch is broken badly 
if snow sbonld fall before it lias lost its leaves. Ilornbenin 
stands the danger better, nnd so do ash, maple nnd oak. 

Tbo lower part of stems growing on mountain slopc.s exposed 
to heavy snow-fall curves outwards before becoming vertical 
owing to the pressure of the snow which nccnmulatcs behind it 
cspeoinlly during the youth of the tree. In hollow depressions 
on steep slopes, the weight of the descending snow is so great 
that masses of it slide down every year nnd crush all the sced- 
Ungs they meet. Such places in the Himalayas are bordered 
by species of maple and horse-cbesnut which apparently 
rvithstand the sliding action of the snow hotter than conifers 
or evergreen oaks, which are the chief components of ibc 
Himalayan forests between 7,000 and 9,000 feet altitude. 

(c) Part of Tree. 

Young trees may bo bent down, by snow, individnally or in 
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Tio. 232. 
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innsses, inclusive or exclusive of the ball of earth around their 
roots. 

1 caring out of branches from the stem, as shoAvn in the an* 
nexed diagram, is a less common form of 
damage, bj* which the stem becomes 
almost worthless for timber, and more 
liable to fresh brealiage. If all the 
branches of a verticil arc thus torn 
out, the leading shoot invariably dies. 
This form of injury is common with 
piucs, and branches up to 2i- inches 
thick are thus tom out, the holes be- 
coming filled with resin, and the torn 
branches eventually falling off, so that the 
damage done to tho tree may escape 
notice. In tiro case of spruce, the branches 
thus tom out are not generally more than 
inches thick. 

Amongst broad - leaved species, soft 
woods, including birch, suffer most in this 
way, then ash j maples and beech and oaks 
less, though much similar damage was 
done by snow to oaks in Windsor Forest, 
in October, 1878, when they were in full 
leaf. 

According to tho age of woods so 
affected, sometimes the leaders and 
branches, at others, tho stem at different 
heights above the ground, are more subject 
to snow break. 

The former mode of injury is com- 
monest in seed-years among older conifers, 
as the cones .increaBe the weight on the 
crouTi of the tree. 

Stem-breakage usually occurs in the 

case of trees injured by resin-tapping, or 

, leading trees which are forked or cankered at or 

snoot of a spruce, six bran- nTinvn -fVio • - 

dies of wliieh h.iTe been seat of injury. 

tom off by enon-. The following table gives von Seelen’s 


Portion 
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obsomtions on (Iniiiugc by snow in Dccembor, 1888, in the 
Hnssolfeld forest rengo. 
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(d) Sysicm qf Mtvuigmeiit. 

As Ibc species whicb suffer most from snow nix- grown in 
bigb forest, Hint system is most liable to snow-brenk. Woods, 
wbero the trees in cnch compartment arc of cvojj ngc and height, 
suffer more than unoven-nged woods, such ns those grown under 
the Selection system; in the former case snow may lie in masses 
like a roof over the crowns of the trees, especially when the wood 
is densely stocked, whilst in uneveu-nged woods more snow 
reaches the ground by falling between the crowns of the trees. 

In the second case the wind also enters the wood more freely 
and shakes the snow from the crowns of the trees. Ilcnco, in 
localities liable to snow-break, the Selection and Group sy.stoms 
arc more suitable than other high forest systems. In coi>picc- 
with-standards, the Innlty tollers occasionally suffer soon after n 
felling, but pirro coppice is rarely injured by snow. 

(o) A{)c of Wood. 

Slowly growing species such as silver-fir, spruce and beech are 
most endangered by snow between the ages of 20 and 60 
years; quickly growing species such ns Scotch pine and larch 
between the ages of 20 and 25 years. Thickets 1 to 20- 
years-old withstand snow better owing to their elasticity 
and woods over GO-yoars-old suffer loss, on account of the 
greater size of the trees; a distinction must, however, be 
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made between bending and breakage. IBending owing to snow 
IS most frequent in woods , 20 to 40-yearB-old, and occurs 
generally in patcbes. Snow-break, on tbe contrary, is most 
frequent in woods 40 to 60 -years-old and even in older woods 
tbe crown and leading sboots of tbe trees are chiefly broken in 
woods up to 60-years-old, whilst in older woods branches are 
broken off the stem. In otherwise uninjured w'oods, stem- 
breakage is generally near the base of the crown and occurs 
here and there to individual trees. Younger drawn-up stems 
are often broken in groups, and sometimes in strips, owing to 
the action of wind during or after the fall of snow. 

In the extensive snow-break which happened in the Harz 
forests, in December, 1888, trees of the following categories 


injured in following 

proportion for 

the whole area 

d : — 




Ago of W'oods 



Pciecntngc of 

in Ycnra. 



Rrcnkagc. 

20—30 . 


• • 

10 

■ 30—40 . 


• • 

26 

40—50 . 


• • 

25 

50—60 . 



20 

60—70 . 


• • 

12 

70—80 . 


• • 

6 

80 and over 


« • 

3 


(f) Locality. 

IMoun tain -forests are more affected by snow-break than forests 
of the plains and lowlands. The localities in Germany most 
exposed to snow-break lie between altitudes of 1,200 and 2,400 
feet; the snow falls more abundantlj' at higher elevations,' but then 
the flakes are smaller and drier, and do not become so readily 
attached to the trees ; lower down, on the other hand, the fall of 
snow frequently changes into rain. In Switzerlond, in 1886 
damage by snow extended to an altitude of 6,660 feet above sea- 
level. 

No aspect is absolutely safe against snow-break; most 
snow in central Europe comes from a westerly direction, from 
which quarter also the strongest winds blow. The south-easterly, 
easterly and north-easterly aspects, especially just below the 
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crosb of tbo hills suffor most ; the snow falling most abundantly 
in such i)lnccs and being less cnsilj' shaken from the trees by the 
wind, accumnlntcs on their crowns. Since, also, freezing winds 
blow chiefly from tbo east, a frozen crust is then formed 
over tbo snow, on which more snow lodges when there is a 
subsequent snow-storm. North and north-westerly aspects 
suffer less, and westerly, south-westerly and southerly aspects 
least of all. Depressions and. sheltered spots in valleys are much 
exposed to snow-break, as the wind cannot free the cromis of the 
trees from snow in such places. 

(g) Mode of Formation, 

Under otherwise equal conditions young pole-woods which have 
grown up in dense thickets, sufler most from snow, their scanty 
root-systems and slender drawn-up stems exposing them to danger. 
Poles resulting from sowings suffer more than plantations where 
from the first each individual plant has had sufficient room for 
its development. Planting two or more plants in each planting 
spot, termed multiple-planting, is also less favourable where snow 
is to bo feared than planting single plants. The distance between 
the planting-spots is also important, as plants with stronger 
roots, and cromis, capable of resisting the iircssurc of the snow, 
result from wide planting. Such plants maj', however, bo up- 
rooted, at least at high altitudes, owing to the large surface of 
their crowns, so that wherever this danger is to bo feared, plant- 
ing-spots must not be too far apart. 

Observations made in the Harz forests in December, 1883, 
after the disastrous snow-storm alrcad 3 ' referred to, gave the 
following per-centagos in 100 acres of spruce woods which were 
bent down and broken by the snow : 

Single-planting, 18, 

Multiple-planting, 26, 

so that the single-planting suffered about one-third less than 
multiple-planting. 

Mixed woods consisting of broad-leaved trees and conifers 
suffer, less than pure coniferous w’oods, as loss snow rests on the 
trees, and the broad-leaved species are loss liable to injury. 
Beech, sycamore and hornbeam should therefore bo mixed with 
spruce or silver-fir. The larch has not succeeded in German 

VOL. rv. 
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mountain-forests, but it grows admirably in the Britisb Isles 
when mixed Avitb beecb and otlier conifers, provided the soil is 
suitable, and sueb mixtures are admirably adapted to withstand 
heavy falls of snow. 

(h) Effect of Thinnings. 

Woods which have been properly thinned are generally less 
liable to damage than unthinned woods, not only on account of 
the sturdier forms of the trees and their more regular crowns, 
but also because more snow reaches the ground in thinned woods, 
and the weight of the snow -which rests on the crowns of the 
trees is less than when the -woods are very dense. The wind is 
also more eifectivo in thinned Avoods in shaking the trees free 
from snow. Extensive* snow-break has indeed been observed 
at times in thinned -vs'oods, but this does not invalidate the 
above reasoning, fpr sometimes thinnings are put off too long, 
and if excessive snow should fall on Aveakly stems just set free 
by a strong thinning, it is e-vident that much damage may be 
done. It is thei'oforo to a certain extent an affair of chance, as 
regards the first thinning in a dense thicket, whether damage by 
snow occurs or not, but the longer the wood escapes damage 
after the thinning has been effected, the better it will resist, 
should a severe snow-storm occur. 

In thinned woods, indi-vidual stems are more liable to 
breakage, whilst in unthinned woods whole patches of poles may 
be crushed. Biihler’' has undertaken some very interesting 
experiments on the effects of thinning in snow-break, which 
show that heavy thinnings are less affected by snow than light 
thinnings ; it is not the dominant poles with regulnrl3’' shaped 
crowns which are so much endangered by the snow as the badly 
grown poles with lop-sided crowns, and these are removed in 
heavy thinnings as well as dead, dying and dominated poles. A 
heavy thinning somewhat interrupts -the leaf-canopy, and thus 
allows more snow to reach the ground than in a densepole-wood. 

. (i) State of the Weather. 

The snow is the more destructive, the wetter and larger 

■KT* ®®h“eedruck u. DuTchfoistungsgrad. Fractischer Potitwiith, 1890. 
Ifio. 3—^6. 
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tlic flnkes and the more quietly it has fallen. Small flakes 
pass more easily between the branches of the trees, and dry 
snow is more easily shaken olT them by the wind than damp snow. 
During a frost, however, wood is more brittle and consequently 
breakage is easier. The greatest damage is done when a thaw 
sets in after a fall of snoAV, and is followed by a frost, a fresh 
fall of snow and a strong breeze. Such a combination of 
circumstances will cause extensive snow-breakage in woods of all 
ages, whether somi or planted, thinned or uuthinned, forming a 
sad picture of devastation for the forostci*, who sees the results 
of his care at once nulliflcd. 

2. Record of Damafic done hy Snow. 

Snow-break being onlj’ of a local nature, the occurrence of 
serious damage in the Harz mountains may bo cited. During 
the sixty-six years ending with 1890, there have been seventeen 
disastrous years of snow-break, or one year in every four, the 
worst of which wore ns follows : — 

In January and February, 1844, in Hannover, two million 
stems wci’c bi’okcn by snow, over 95 per cent, of which were 
under 7 inches in diameter. In November, 1872, in IJnmswick, 
2,878,000 cubic feet of timber were broken by snow on 89,362 
acres, being at the rate of 28 cubic feet per nci'e, about half 
the fixed annual yield of the forests. Again, in November and 
December, 1875, in the same forests, 80 cubic feet per acre 
were broken by suow', and in some of them ns much ns 185 
cubic feet per acre. The chief damage was done on the northern 
side of the mountains. Fx'om the 10th to the 13th December, 
1883, and from the 11th to the 27th Januniy, 1884, 22,500,000 
cubic feet of timber were broken in the Hannoverian Harz, and 
about 7,000,000 cubic feet in the Brunswick State forests. 

3. Protective Ihdcs. 

Protective rules against damage to forests by snow should bo 
drawn up, either on the pi'inciple of reducing the power of 
attachment of the snow to the trees, or of strengthening the 
latter. The question will bo discussed under the heads of 
formation, tending, and utilization of the woods. 


L Ii 2 



490 


PIIOTECTION AGAINST SNOAV. 


(n) Formation of Woods. 

(i) Species endangered by snow should not be planted, 
especially in pure forests, or in snow localities. Scotch pine 
is the worst species for such places, and brond-leaved trees, 
such as beech, sycamore or hornbeam, should bo mixed with 
spiTice and silver-fir ; larch may also bo introduced, wherever it 
is lilcely to succeed. 

(ii) Natural regeneration will give better results than regular 
plantations ; it produces the trees in groups and with a mixture 
of broad-leaved species which should be encouraged. 

(iii) Where the clear-cutting sj'stera is followed, strong 
nursery-trained transiilnats should be used to re-stock the 
felling-areas, the plantations being made in lines parallel to 
the direction of the prevailing wind, so that the snow may fall 
between the plants. The plants should bo somewhat closely 
planted wherever heavy snow is to be feared, so that they ma^* 
afibrd one another mutual support against the snow. 

(iv) An excessive growth of grass, bracken or other weeds 
should be removed from 3 ’'oung growth, as it may be i)ressed 
down by the snow over the plants and kill them. 

(b) Protection during Thinnings. 

(i) The most efficient measure to protect woods against 
snow-break is to make timely thinnings, in accoi'dance with 
sylvicultural rules, and suitable to the circumstances of each 
case. In woods endangered by snow-break, thinnings should com- 
mence early, be frequently repeated, and increase in intensity 
with the age of the trees. At the same time great care must 
be taken in the first thinning of densely stocked pole-woods. 

(ii) All injuries to the bark of trees must be avoided. 

(iii) In specially valuable young pole-woods, the snow may 
be shaken from the trees ; this measure was successfully applied 
to 10 to 20-year-old iicotch pines in Wiirttemberg and Silesia 
in 1868, but can evidently be carried out only on a small scale. 

(c) During the Principal Fellings. 

(i) Felling by the selection method should be followed in 
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high nioiintftin regions, on peaks ami riflgcs, ns this favours 
uneven heights in the trees. 

(ii) Wherever clcnr-cuttings are practised, the fclling-nvens 
should bo of small extent, so that areas of cven-nged wood 
should not bo too extensive; several scries of felling-areas 
should Iherefovo be established. 

(iii) In coppice-with-standards only strong tellers should bo 
resowed. 

4. Treatment of Injured IVoods. 

The trenlmcnt of injured woods will depend on tbeir ago and 
the species of which they arc composed, and the kind of 
damage they have experienced. 

If extensive damage has been done by snow, the first duly of the 
forester is to remedy matters ns soon ns possible ; in coniferous 
woods cspcciali3', all bent and broken wood should he at once 
worked up and sold. Trees on which lhr<-e or four verticils of 
living branches have been spared may bo left standing, after care- 
fully pruning clT their broken branches. Stems which have 
been bent over from the ground may recover their erect position 
owing to their elasticity and striving toward.s the light, and in 
any case, they assist in keeping the soil covered. The wood- 
cutters who are removing broken stems may b(> directed to sot 
the bent stems upright, and, if necessary, attach ibom by string 
or wire to stems which arc still erect. 

Young coniferous woods which have been broken in patches 
and strips should be replanted with large lrnnsplant.s of beech, 
sj'caraoro, larch ; spruce, silver-fir, or Wcymouth-pinc may also 
bo used. Older woods, when greatly thinned by snow-break, 
should bo under-iilantcd ; spruce-woods with beech. The 
remarks* already made regarding repairs of damage done by 
wind arc also applicable here. 

Injured broad-leaved woods, especially beech pole-woods, may 
bo repaired by cutting back the bent stems at heights of 
12 to 18 feet from the gi-ound, the stems being bent straight. 
In case of very serious damage, however, the injured woods, if 
not too old for reproduction from the stool, must be cut back 
close to the gi-ound, and the thinned wood undcrjdnntcd with 
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CJIAPTEK VII. 

rnoTi'-cTiox agaixst 
1 . Dimnijc done. 

Rrjii: mid icc mny incrust niul ovcrlntlc Kloms, crowns ntul 
bnmclics, niul Unis brcnlc or uproot trees. Rime, unless eccom- 
piuiicd by snow, seldom seriously clainnRcs trees, but this is not 
the ense with ice, nnd when this is followed by snow njid ii still’ 
{jnlo, forests mtij' suffer very consideriibly. 

The diimnge done resembles that effected by snow, but whilst 
snow-break ebiolly occurs in youn"cr woods, rime nnd ice will 
damage middle-aged and even mature woods. 

Scotch pine nnd larch-woods thirty to sixty years old nnd 
beech-woods from forty to eighty yenrs are most linblc to injury. 
I’olc-woods nre generally bent, but may be sometimes crushed 
by the weight of icc they bear, as if by a gigantic roller. 'I’hc 
damage done by rime nnd ice, in Ceiilriil and Northern Germany, 
chiefly occurs at attitudes between 1,600 nnd '2,600 feet. 
Noiihcrly, north-cnstcrly nnd easterly nspecls suffer most, espe- 
cially steep slopes and depressions exposed to the north-east wind. 
Woods suffer on both sides of vnltcys running cast imd west, whilst 
in valleys running north nnd south only the cast aspect suffers. 

Isolated trees sufl'er more from rime nnd ice thnn trees 
growing in dense woods, ns they have n larger surface exposed, 
nnd this applies to avenue trees, sccd-bcnreis in regeneration- 
fellings nnd standards over coppice, nnd also to trees along the 
easterly and northerly borders of a wood, or of nn exposed 
felling-area. Trees afford one nnotlier mutual protection in n dense 
wood. Most of the damage is done in .Tnuunry and February 
during the continuance of northerly or north-easterly winds. 

» Viitt Xotos on Hour Kiosl: C. IJ. PlnwiiKlil, JonrnnI of It. Ilort. .‘Sou 
MricIi, 1801 . ’ 
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2, jRecord of Bad Years. 

The damage done by rime and ioe as well as by snow is of a 
local nature, and in the Harz mountains there were nine bad 
years between 1821 — 1875, which were also the years in which 
much snow-break >occai*red. 

The weight of ice on the trees is sometimes oonsidorable, as 
much as fifty pounds on six pounds of wood. A most destruc- 
tive ice-break occurred between the 18th and 25th of November, 
1858, in the Spessart, Odenwald, part of the Bavarian Palatinate 
and Bhenish Prussia, in which the ice-crust was eighteen to 

twenty times the thickness of 
the wood on which it rested. 
In the Spessart 2,750,000 cubic 
feet of wood was broken ; in 
the Odenwald nearly 2,000,000 
cubic feet ; in the State foi'csts 
of the Palatinate 11,000,000 
cubic feet, and about half as 
much in the Communal forests. 
Observations showed that a 
spruce plant 3|- feet high had 
to support 165 lbs., and single 
Scotch pine-needles, over half 
an ounce of ice. The picturesque 
forms of the ice-incrustations 
are shown in figs. 234 and 285. 

In Prance and Central Ger- 
many,from the 22nd to the 24th 
of January, ■ 1879, there was 
most extensive breakage of woods by ice, which is described by 
Janin in the Bemie des Deux Mondcs. In certain broad-leaved 
forests, about SO per cent, of the stems wei'e broken, and in 
carefully thinned Scotch pine-woods, 70 per cent. In the forest 
of Fontainebleau, about 5,300,000 stacked cubic feet of wood were 
broken, thin twigs of wood and telegraph wires being incrusted 
with ice to a thickness of 8 inches. Living larks were found 
frozen to the ground by their feet and tails, and in the 
Champagne district dead partridges were picked up covered with 


Fig. 234. 



Keedles of Scotcli pine encrusted 
irith ice. 
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ico. Great damage ty rime to elm and oilier trees is described 
by Plowright as having occurred in Norfollc on Jan. 7lh, 1885). 

3. Prntcctifc Hiilcx. 

{a) Formation of strong young growth. ‘Where danger from 
rime and ice is feared, the Scotch pine must be excluded or 
mixed with other species. 

(1») hlaintcuance of the Icof-oanopy oven in old woods. 

(c) Isolated standards should not bo reserved. 

(d) A protective belt should be maintained on the north- 
eastern and eastern borders of woods. 

(c) MTierever danger from riinc-frost is greater than from 
storms, cuttings should be made in Avoods from south-east to 

Fk.. 23.'.. 



north-west, when the south -wasterly gales morel}' blow along the 
face of the felling-areas, and endanger only a few border-trees. 
The correct direction for felling-series can bo decided only after 
a thorough hnowlodge has been acquired of the configuration of 
the ground and of the local factors. 

4. Treatment of Injured Woods. 

Reference is hero invited to Chapter III., p. 474, and Chapter 
VI., p. 491, dealing with woods damaged by storms and snow, as 
those which have been injured by icowill require similar treatment. 
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I’ltOTJX'TIOX AGAINST NOX-ATMOSTHKIIIC PItIvKOMKNA, 


Tni: chief iiou-atiuosiilieric iihenomontt to which forests are 
exposed are swamjis, floods and torrents, avalauches, shifting 
sands, and forest fires. 


CHAP'J’Ell I. 

PHOTltCTIOK AGAINST DAMAOi: BV SWAMPS, ri.OODS AND 

TOimUNTS.'* 

"Water acts cither as a meteoric phcuomcDon, or ns stagnant 
or flon-ing water on the surface of the ground, or in the soil; 
its ciVccts arc partly mechanical and parti}’ physiological. The 
chief mechanical cllccts consist in soihdcnudntion, landslips, or 
floods. Physiological damage is done to plant life and to the 
soil by stagnant water causing bogs and marshes. Damage' to 
forests by heavy rain has already been dealt with. 

Section I. — Soil-Denudation. 

1. Description. 

Soil-denudation on steep slopes may be due either to subsoil- 
or surface-water, or to torrents. 

Subsoil- or surface-water on hill-sides may cause landslips, 
which bring down the soil with tho vegetation grooving on it, 
and expose the subjacent rock ; this may occur either when the 
slope of the • hill-side is excessive, or when there is an imiier* 

■“ Kiaft, Gustav. Ecitnige znr foistl. Wasserbaukunde. Hannover, 1SG2. 
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mcablc substratum whiob prevents the further tlesccnt of tho 
water into tho hill. Excavations of pits or quarries at tho base 
of a hill may have a similar effect. 

Torrents, especially in mountainous regions, may cause soil- 
dcnnclntion, or form ravines by deepening their beds, and by 
wearing away their banks. The latter effect chiclly occurs at 
sharp turns in the course of the torrent, when one bank is 
formed of rock and tho other of loose material. 

The forcQ of the water increases with its velocity, and may be 
assumed to be proportional to the sixth power of tho velocity of 
the stream. 

To cite an example, a formidable landslip occurred on the 
loth Kovoraber, 1879, at Yitznau, on Lake Lucerne. Here, at 
the foot of the lligi, a moss of earth exceeding 35,000 cubic 
feet, and covered with trees, fell down the mountain side and 
filled a dopi'cssion, burying a chapel with mud to a depth of 
twenty feet. 

Landslips occur frequently in all mountain chains, and in the 
Himalayas attain vast proportions ; the Gohna landslip, in 1893, 
for instance, brought down enormous quantities of rock across a 
valley, damming up a tributary of the River Ganges. This 
led to the formation of a lake 10 miles long and .'>00 feet deep, 
which eventually burst the dam in August, 1894, causing a 
flood 80 feet deep to rush down the Ganges valley and flood the 
to^\'u of Hnrdwar. Owing to tbo estnblisbinont of telegraphic 
communication, and to cnrofnl watching nt the dam, all tbo 
inhabitants of the valley received timely warning of the probable 
bursting of the dam, and no lives were lost. 

2. Damage done io ForcfHa. 

Soil-denudatiou reduces the forest area, buries plantations 
and young growth in mud, injures and destroys forest roads 
and other works, and fills up ditches ; rnvines are formed on 
bill-sides, which become constantly enlarged by surface drainage 
’whilst the beds of water-courses aro raised, interrupted and 
altered by the material brought down by tho water, and inunda- 
tions are thus caused. Tho amount of damage done increases, 
the steeijcr tho slope and the more hroken its contour, and tho 
looser the soil and the greater tho weight of the woody growth. 
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Localities where landslips are likely to occur may be recognised 
beforehand in wet years by cracks forming in the soil. 

; 

3. Protective Rules. 

The best protective iviles to adopt against these dangers 
are : — 

(a) Careful maintenance of a continuous woody growth on 
mountain-peaks, ridges and nil dangerous slopes, forests in 
such places are protection forests, and should be managed either 
by selection or as coppice. For mountain tops and plateaux, , 
the selection system is hest, when accompanied by the timely 
planting up of all gaps which may occur in the wood, but on 
steep slopes, high forest presses too heavily on the soil, and 
should make way for coppice with short rotations. 

(Jb) Wherever a land- slip is to be feai-ed, the bank should be kept 
up by wattle fences, by protection of the soil-covering, and by not 
extracting the stumps of felled trees. The various protective 
measures which may be adopted, depend on the cause of the 
danger and the circumstances of the locality. Surface- or under- 
ground-water, for instance, may be conducted away from above 
the endangered place by ditches or drains. All quarrying below 
the threatened hill-side must be stopped. 

(c) The following measures provide against damage by a 
mountain torrent : — 

(i) Securing its sides and bed by revetments from its collect- 
ing area downwards. 

(ii) Beducing the force of the stream by terracing its bed, 
and constructing across the stream wattle-work fences or masonry 
works which keep stones and silt from, accumulating in the lower 
parts of the stream. 

(hi) Terracing the slopes of the valley on either side of the 
stream, and fixing them by means of sowings or plantations. 

(iv) Beafforesting the collecting-area of the stream ; the 
methods to be adopted for this object are described further 
on. 

4. Remedial 3Jeasu7'es. 

When, in spite of ^every care, landslips or ravines have been 
caused by abnormallj' heavy rain, or by melting snow, protective 
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works sliould nt once be constrncled. A revetment mnclc of 
wftttle-work, or of logs fixed in position by piles driven into tbo 
ground, nmy prevent the occurrence of furtber dnmago. If, 
however, the landslip is extensive, Bovcral snch revetments, one 
above the other, must be made, and the earth between them bo 
brought to a uniform slope and planted up. In certain eases, 
complicated masonry revetments are required. 

Section II. — Inundations. 

1. Caiiitcis of Inumlatiotis. 

Inundations originate in valleys and plains owing to the 
sudden thaw of masses of snow in the mountains or plateaux 
above them, or to prolonged or heavy rainfall, or to the interrup- 
tion of water-courses by landslips. Tho last of these causes is 
frequently duo to clearing forests from mountain sides, and 
to bad management of protection forests. When, on hill- 
sides, the effects of vain and surface-drainage are not reduced b}- 
a full leaf-canopy and by tho binding eflbcts of tho roots of the 
trees on tho soil, as well as tho spouge-liko action of tho 
natural soil-covering of dead leaves and moss on the surface- 
water, the latter runs down unimpeded into tho valleys, bringing 
with it quantities of boulders, gravel, silt and mud ; this raises 
the beds of the water-courses, and causes them to overflow' and 
spread destruction far and wide into the lower country, especially 
by leaving cultivated lauds covered with gravel and silt after 
the floods have subsided. Where floods merely cover riverside 
meadows and osier beds, or woods of alder and other moisture- 
loving trees, they may actually prove beneficial by the deposition 
of a fine mud containing useful mineral constituents. In many 
parts of India the cultivation of rice is carried out on land which 
is either naturally or artificially flooded. 

Most inundations in Central Europe occur in April, when 
they are due to the general molting of tho mountain snow, or in 
August or ■November, owing to heavy rainfall, 

2. Damage done. 

Inundations carry away the soil-covering and humus from 
forests, causing swamps and cold soil; they destroy young 
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plants, hinder the formation of copi)icc-shoots, interrupt fellings 
ftiid. the export of forest iirodnce, and often carry away timber to 
great distances. In spring floods, trees growing along the banks 
of streams may sufler from the friction of the ice which is carried 
down. The mud brought dotrn by the flood, however, richlj' 
compensates for the loss of soil covering and humus. ' Iliver 
mud not only contains nutritive mineral salts, but j'ields lime in 
a fine state of division, which is therefore readily absorbed by 
plants, and is an excellent mninu ‘0 for lauds which arc poor in 
lime. 

Dr- Schulze of Darmstadt gives the following per-centnges 
for the constituents of Dhiiio mud : — 



1871. 

1872. 

Potash ■ 

0-48 

0-19 

liimo 

14-06 

15-65 

Phosphoric acid 

013 

Oil 

Humus . 

2-86 

2*12 


The per-ceutages of potash and phosphoric acid aro small, but 
always greater than in ordinaiy agriunltural soil. 

The greatest recent floods in Central Duropo in 185G, 1868, 
1879, 1882, and 1888, chiefly affected the Alpine districts, 
tho countries adjoining them, and Hniigary. 

In 1856 tho Ehonc caused fearful floods, which drowned 
numbers of people and damaged propertj' to the extent of 
£8,000,000. One of the results of these floods was the enact- 
ment by the French Dcgislature of the laws for the rehoisement 
of the denuded mountain-sides, of the 28th July, 1860, and of 
tho 8th June, 1864, for regazonnement, or restocking them -with 
grass.* 

Tei'rible floods occurred in Switzerland in 1868, and in 
Hungary in tho valley of the Kiver Theiss, in March, 1879. 
In September, 1882, damage estimated at 4J1,000,000 was 
caused by floods in Cnrinthin and tho Tyrol, and there were 
serious floods in the Shine valley in 1882, and in the regions of 
the Elbe and Oder in 1888. Extensive floods occurred in the 
Thames and Severn valleys, and other districts in tho South of 
England, in November, 1894. 

* Forest LaTT, Boilen-Powoll, _ 1893, p. 248. Laws for tho protection of 
mountain forests in Germany, STvitzcrland, and Italy arc also referred to. 
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Serious floods^ occur in Northern India nearly every year 
hotween July and September, nilor the corainouccmcnt of tho 
Bumincr monsoou, and owing to the great damage thus caused 
to irrigation canals fed hy the Ganges and .Tumiia rivcr.s, tho 
forests on the southern slopes of tho Siwalik Hills arc now 
managed ns protection forests. The Indian forest oflicialsf have 
for years rccomracndcd the adoption of similar measures to tlio 
lower hills hetweou tho .Tiimnn and Sulloj rivers, us tho first 
hurst of tho monsoon on the annually grased and hurned sandy 
hills above tho Hoshiarpur district causes most disastrous inun- 
dations every year, besides bringing down quantities of sand, 
gravel, aud boulders which have encroached considerably on the 
' agricultural land below the hills, so that hy 1891, lands lielonging 
to 014 villages were affected, and 30,000 acres of richly fertile 
* and long cultivated land laid waste, besides immense damage 
being done annually to railway and i-oad embankments, &c. 
Tho hills were formerly covered with forest growth, hut during 
the last thirty years, flocks of goats and herds of buffaloes 
belonging to about eighty hamlets of squatters have been allowed 
to browse down and destroy the forest growth which formerly 
fixed the soil on tho hills, and would spring up again were the 
annual grazing and burning of the undergrowth restricted. 

8. Proteetirr Pules. 

Private agency can usually do little or nothing to pi-evcnt floods. 
The action of the State is indispensable, as the cost of the erection 
and maintenance of tho works necessai-y to secure this object is 
quite out of proportion to tho value of the property on which 
they must be erected, and tho work of fixing tho beds of moun- 
tain torrents and hill-sides in process of denudation must bo 
carried out over a large area. The most effective measures 
depend on the management of the collecting areas of dangerous 
water-courses, the main principle being to meet tho danger at 
its source. 

Although observantj people discovered those facts and wToto 
• Vide Indian Eoiestcr, vol. xil., p, 418. 

+ Ibid., vol. V., p. 3. Baden-Powell’s Report. Moir’s Report, vol x n . 
vol. xiii., p. D25 ; vol. ivii., p. 210. •, i- .si j. , 

t Von Anorsberg, InnspriicK, 1779. 
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about them a century ago, a long time elapsed before improved 
forest management and the erection of the necessary ^\’orks Tvere 
undertaken in regions which were threatened in this way. 
Serious and successful action, however, is being taken in France, 
Switzerland and the Tyrol, to counteract the causes of floods. 

The chief rules to be followed are : — 

(a) Bevetment of torrents and their feeders. By this means 
earth, gravel, and boulders are retained in the mountains. Works 
of the following nature should be designed in accordance with 
the nature of the locality, the characters of the torrents, the area 
of the collecting ground, and the funds available : — 

(i) Barricades of trees with their entire crowns thrown across 
torrents. 

(ii) Wattle fences across the bed of torrents. 

(iii) Dams made of fascines or masonry, to canse the deposi- 
tion of coarse mateiiol, to be constructed across torrents at 
suitable distances, 

(iv) Paving the bed of the torrent. 

(v) Wattle-fencing on revetments along the banks of ton’ents, 
to moderate the cutting action of the water. 

The above works are only intended to moderate the action of 
the torrents, but in connection with them, the gradient of slopes 
above the banks of the torrent may be lessened by terracing, and 
a system of horizontal drains laid out, so as to distribute the 
surface and underground drainage over a large area. 

The local forest staff will be best able to carry out these pro- 
tective measures, as they should possess the necessary technical 
and local knowledge. 

(b) All waste land on the higher ground above the torrents 
should be planted up, and all woods within that, region should 
be carefully maintained. Sewell, ns far back as 1841, argued 
that the maintenance of and increase in the area of mountain 
forests would regulate torrents. 

A treatise on forest protection cannot go very fai- into the 
question of the regulation of mountain torrents, which has a 
literature’* all to itself- Here, only the chief points can be 

• BemontzeA', Etude sur Ics Travaux de Eeboisenjcnt ct de Gazonnement dcs 
Kontagnes. Tiiris, 1878. Id. Tnittd Fraticino, 1882. Von Senkendorf, Ver- 
bannung der Wildbacbc. Vienna, 1884. I^ndolt, Die Baclie, Schneeiawinen 
nnd Steinscbldge. Zuricli, 1886. 
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nttciulecl to, and reference made to standard works on the 
subject. Prolcclion forests must be jnnnngcd on the Selection 
system. Planting is the best way of rcstoeking blanks, tbo 
mountain and Combran pines, larch, and spruce being the 
most suitable species. The lines of plants should be inclined 
at an angle of 4lt° to the axis of the torrent, and graan should 
be sown under their shelter. Pasture, use of litter, and other 
destructive usages must be disallowed, and the soil-covering 
strictlj' preserved. 

Penders are referred to works on Forest Utili/.ntion for an 
account of the regulation of the lower part of streams, as the 
procedure required to make them serviceable for water-transport 
will also lend to prevent floods. 

•i. ^tantuicmrni of Forents on Lmiii liithlc to JjiinuUitiotiR. 

The management of forests on land liable to bo flooded in- 
cludes much that is siiccial to the circumstances of the case. 
Species should be chosen which can withstand a good deal of 
moisture in the soil and occasional bnbm(‘r.sion ; such are the 
Itcdunculatc oak, elms, alder, willows, black and wbite poplars, 
and the ash. In the wettest places the common alder and 
willows arc found ; ash is more sensitive to soil-moisture than 
poplars and the pedunculate oak. 

Pollarding, the Selection system, and Coppice-with-standards 
rich in standards, are suitable systems of manngoiucnt. 'J’roe- 
willows may be pollarded, but poplars are best ninuaged by 
cutting only their side branches, ns pollarded poplars soon 
decay. Both poplars and willows speedily reproduce the bark, 
wbicb Las boon rubbed off by ice ; they are generally grown from 
strong cuttings. Oak and ash may be grown in High Forest. 
Peprodnetion is then effected by planting saplings, ns natural 
regeneration is difficult to obtain on areas liable to floods. 
In the ease of Coppicc-Avitb-stnndnrds, a much larger number of 
tellers is reserved at each felling than is usually the case under 
this system, in order to keep clown inferior species such as 
blackthorn. Osier beds, chiefly of Salir rmimlis, ,S. jittrjnirra, 
&c., may be planted by means of cuttings, and cut over 
annually. 


VOL. IV. 
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In tlie case of High Forest, or Coppice-with-standoi‘ds, the 
felling-areas should bo arranged at an oblique angle with the 
course of the stream as shou-n in figs. 286 and 237, I. being the 
youngest and YIII. the oldest wood. 

Such an arrangement affords shelter to the young growth and 



prevents floods from carrying away the 
felled tibaber lying on any area beyond 
the next strip of wood. 

FeUings should take place when the 
water is lowest, or when it is frozen. 
Grass-cutting and removal of litter may 


Fig. 237. 



Section from A to B showing comparative 
heights of wood. 


be carried on freely in such forests, without danger of im- 
poverishing the soil, which is enriched by the annual floods ; 
pasture, however, should not be allowed. 


Section TTT. — Swamps. 

1. Formation of Swamps. ^ 

The soil of a locality becomes wet when the drainage-water 
has not a sufficient outlet, and if there be no outlet for the 
water, swamps or bogs may be formed. Bain, snow- or spring- 
water, or water from rivers and ponds may cause the formation 
of a swamp, if the water cannot escape superficially owing to on 
insufficient fall of the ground, or by penetration into the subsoil 
owing to an impermeable substratum of clay, turf, clayey or 
marly loam, soil encrusted %vith iron, or massive rock, especially 
in horizontal layers. Sometimes both these causes are at work, 
when the harm done is intensified. The following specific 
peculiarities may occur : — 

fq) In low-lying plains, swampiness is generally caused by 
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flowing water, owing to n slight depression in the ground and n 
stiflT soil. 

(Ii) In bnsin-shnpod valleys along watercourses, swamps may 
1)0 cansed by surface-water, or by underground infiltration from 
the stream ; the former happens after floods, when the overflow 
cannot find its way bock into the stream, owing to the presence 
of high land along its hank. Part of the overflow must then 
remain on the low land, especially when the subsoil prevents 
the descent of the water. Lagoons along the sen-coast arc 
formed in this way. 

(c) "Water may spring through permeable soil from neigh- 
bouring watercourses, and when it thus appears in depressions, 
it denotes a high level of water in the stream and complete 
saturation of the soil. 

(d) In high plateaux, swampiness is due to heavy rainfall, or 
to snowfall with subsequent thaw, or to saturation of the nir 


Flo. 238, 



a. Imiicrnicablc ntmtum. fi, Penuenbte (•tr.itniiu c. Wntcr. 


combined with nn impermcnblo subsoil accompanied by the 
growth of swamp-forming mosses or other plants. 

(c) Swamps at the base of a liill arc generally caused by 
springs, the water from which cannot penetrate into the ground 
on account of a subsoil of clay or of horisontnl rocky strata. If 
the soil on a hillside should bo permeable above ond imper- 
meable below, all the water in it descends to the base of the hill, 
where it rises above the ground-surface and forms a su-niup. If, 
how'ovor, the permeable stratum terminates in the slope, 
drainage-water will spring out of the hill-side, along the lino 
whore the two strata coalesce. 


31 2 
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2. Damaflc done ht) Siranqin. 

(fl) General Aeroiint. 

The clfttnagc done by swnmpy ground is as follows : — 

(i) Instnhilitj' of the trees, which favours windfall, especially 
of the spruce. 

(ii) Stunted growth and liability to decay in the roots and 
stems of trees, and consequent loss of increment and sometimes 
death of the trees. The bad growth of trees on wet soil is due 

V to the exclusion of ox 3 'gen from the roots and to the low tem- 
peratures of the soil and air, as wet soil may reduce air-tempera- 
ture bj’ 9*’ to 14" Fahr., or to tbc formation of acid compounds 
in the soil ; healthj’ growth and action of roots is consequently 
much impaired. 

(iii) Increased damage by’ frost, sometimes killing off young 
plants. 

(iv) Uifficultics in forest management in regeneration and' 
har\*csting, also in transport. The wetness of the soil increases 
the difficulty of cultivating it, and often renders spring-planting 
quite impossible ; seeds do not germinate in too w’ct a soil, and 
young plants often perish. 

(v) The tendency of a swamp to increase in area is another 
cause of danger to the forest. 

(b) According to Species. 

Hardly any forest s]iocics can rvithstand continuous stagnant 
Avetness of the soil, but the degree of resistance to it shoAvn bj- 
different species differs considerably. Experiments made in the 
Palatinate, where there is an impermeable subsoil, show 
that trees resisted a very wet soil in the following order ; — 

Pedunculate oak, elm, poplars, Avillows, hornbeam, common 
alder ; 

Ash, sessile oak ; 

Scotch pine, spruce ; 

Beech, silver-fir. 

It is strange to find the alder so Joav in this scale, as other 
observations tend to prove that this species can rrithstand more 
moisture than the elm. The birch, and especially Bctida 
jnthescens, Ehr., will withstand much moisture in the soil. 
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(c) Af/e of IVood. 

Young plants are frequently killed by inundations. Polos 
and trees on swampy ground generally suffer from root-decay, 
especially the spruce, larch, and Scotch pine. 

(d) Locality and Nature of Soil-Corcriny. 

Swamps are more frequent in lowlands than on hills and in 
mountain districts, on massive than on stratified rocks, and on 
hca^y stiff soil than on loose soil. 

Local swamps may occur where the substrata are horizontal, 
ns on the Buntcrsandstcin in the Black Forest. Certain forest 
weeds, such ns sedges, reeds, pent-plants, and espccinllj' peat- 
moss, predispose to swampiness, whilst permanent pasture 
dries up the surface-soil, but will not thrive on very wet 
soils. 

(e) Density of Standiny-Ci'op. 

Clcarauco of forests, especially in mountainous I'cgions, favours 
the formation of swamps ; it may bo observed ns a general rule, 
that 8wnmi)y ground, when once slocked with j’oung wood, be- 
comes gradually drier as the wood grows older and covers the 
ground. This is especially true for coniferous forest, and the 
efficacy of the Scotch pine for draining swamps is well known in 
Ii'cland, where many bogs have been formed on the former 
sites of forests, ns is proved by tho presence in them of bog- 
oak and other woods. Tho damp, cold Loudon clay at Prince’s 
Coverts near Esher, hardly over dries up on the roads through 
the forest, but the ash, hazel, and nldcr-coppico will be found 
to have dried up the soil on both aides of an extremely wet 
road. 

Ebermeycr has proved by numerous observations that on a 
heavy clay soil, tho root-zone of a spruce forest, from IG to 32 
inches below the surface, is much drier than tho corresponding 
zone on bare fallow land, the opposite being the case ns regards 
tho uppermost layers of soil, which are protected by the leaf- 
canopy of the trees from insolation and tho drying action of 
winds, while tho moss and dead needles retain much moisture 
near tho surface of the ground. 

The valley of tho Upper Khonc aflbrds a warning example 
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of llio offoets of clonrhig forests on the fornintiun of swamps ; 
the liigh Innil above the river liaving been cleared of forest 
at the end of the eighteenth century, in order to aflord land 
for agriculture. Field-crops, however, have made way for pas- 
ture, and the quontity of hay produced annuallj' has decreased, 
till at last the formerly forest-clad areas have become covered 
with moss and converted into swamps. Beailorcsting the 
area, ns in the Daramersfcld, has been attempted, but is a 
difBcnlt task. 

In explanation it should bo noted that in mountain regions 
with cool, humid atmosphere, which is uufavonrablo to evapora- 
tion, the amount of water taken from tho soil is proportional to 
the extent of leafj* surface exposed to tho air, and to the surface 
of the crowns of the trees standing on the area. The greater 
the amount of leaf-canopy, the more atmospheric precipitation 
falling on it is evaporated, and so much the less reaches the 
ground. Broad-leaved trees act in this manner during tho 
season of growth, but evergreen conifers throughout tho year. 
In addition to this the absorptive action of tho roots, and the 
power of transpiration possessed by tho foliage of trees must be 
reckoned. Obscrv'ations made between 18G8 and 1871 at the 
double Bavarian inoicorological stations, which are in pairs in the 
forest and in tho open, show that according to the season from 25°/o 
to 82% of atniosphcric precipitation (rain, snow, d:c.), and averag- 
ing 26% for the whole year, did not reach the ground directly, 
but remained on the crowns of the trees. It' is not, however, 
stated how much of this water may have subsequently trickled 
down to tbe ground. 

There are certain localitic.s, for instance, level land uith an 
impormcahlo substratum and higb atmospheric temperature, 
where swampiness of the soil is, on the contrarj', increased by 
forests. In such cases, the rapidity of evaporation do 2 )cnds on 
tho unimiicded action of tho sun’s rays and of dry winds, and 
clearing tho ground of forests will increase the cfiects of these 
forces. 

Tho action of forests, where the soil-coverhig of dead leaves, 
moss, and humus is carefully preserved in maintaining moisture 
near the surface of the ground, and protecting the soil from tho 
effects of insolation and drying wind, is very valuable on hot 
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aspects and steep slopes, especially in hot conntries, whore water 
may bo thus stored in the spongy soil-covering and maintain a 
steady supply of water in springs on the hillside, instead of 
allowing the rain-water to drain rapidly down and cause floods 
after heavy rainfall, while the watercourses may run nearly di’y 
during the hotter months of the year. 

(1) Season. 

In countries with hcav^' snowfall, where the snow remains lying 
on the ground throughout the winter, the soil is wettest in the 
spring, after the snow has melted. 

In the south-east of England, the soil is probably wettest 
from November till March, and dries up rapidly after the 1st of 
March till July, owing to the scanty minfall and the prevalence 
of dry cast winds. 

3. Protective Rules. 

(«) In mountain regions, and in very rainy districts, such as 
the boggy parts of Ireland, whein the formation of swamps is to 
be feared, forests should bo maintained and be completely 
stocked, and shade-bearing conifers are best for the purpose. 

The spruce probably exercises the greatest action in draining 
soil, the superficial roots of this species acting like drain-pipes ; 
the Scotch and black pines are also very useful in suitable 
localities, and retain a largo pro])ortion of the atmospheric pre- 
cipitations on their needles and branches. 

(b) Marshy plants should be removed from the ground, and in 
damp low-lying places the circulation of the air should be in- 
creased by clearings, thinnings, pruning and removal of under- 
grovirth. 

(c) All ditches and watercourses in forests should be kept open, 
and at least once a year should be cleared of water-plants, dead 
leaves and mud. 


Section IV. — ^Dbainage. 

A superfluity of water in the soil can bo thoroughly recti- 
fied only by drainage. Before, however, undertaking such a 
work, a thorough inquiiy should be made into all the bearings 
of the question, as extensive drainage-works, especially in moun- 
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tainouB districts, may damage a ■nide tract of country, and thus 
quite outweigh the advantages which may he gained hy affording 
a larger area for forest-growth and an increased yield of wood. 
Experience shows that hy draining swamps and moorland at 
high altitudes, the supply of moisture to the soil and atmosphere 
may become so reduced that forest-growth and agriculture may 
suffer in districts lower down. This calamity is especially 
liable to affect older deep-rooted woody species, and woods 
accustomed to plenty of moisture in the soil. Drainage causes 
subsidence of the soil, and thus the roots of shallow-rooted trees 
such as spruce may become exposed, while pedunculate oak and 
ash may become stag-headed, owing to their roots being less 
supplied with moisture than W'as formerly the case. Before, 
therefore, drainage is attempted, the demands on moistui’e of 
the species growing or to he grown on the drained area should 
be considered. 

Neighbouring lands may also be affected by the lowering of 
the level of the underground w’atei-, and drying up of the surface- 
soil, which maj' have bad effects on field-crops. 

If the drainage of mountain forests be effected on a largo 
scale, the distribution of atmospheric precipitation may be 
altered ; the drier air may hinder the condensation of watery 
vapour, and the formation of dew and clouds may be lessened. 
Instead of frequent gentle showers, irregular heavy rain may fall 
with disastrous results. 

A further disadvantage is the reduction of the quantity of 
water in brooks and idvers by which timber-floating, water- 
carriage and works for utilizing water-power, may suffer 
seriously. 

Beuss states that the harm done by ill-advised drainage is 
most apparent in the Dobris mountain forests of the Colloredo- 
Mansfeld famity ; through the extensive drainage system, over 
50 miles in length, effected there between 1858 and 1867, the 
growth in forest and field fell ofi' to such an extent that it became 
nceossary to fill up most of the drains. In the Harz mountains 
also, in 1840, much harm was done by too extensive drainage, 
whilst the attempts made since the middle of the present cen- 
tury to drain the peat-bogs in the Hannoverian Harz districts 
and to plant them with spruce have proved extremely costly. 
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and given sucli poor results tlint tlioy have now been 
abandoned. 

On the above grounds, tlic danger of drying up sources of 
useful watcr-snijply, and the fear that benefits resulting from 
forest drainage works inaj’ not repay the outlay involved, tlio 
construction of such works on a large scale is to bo deprecated, 
and the forester should not as a rule venture beyond draining 
small local swamps in forests, which may sometimes be ren- 
dered innocuous or even useful when converted into fish ponds, 
by excavating them or constructing a datn. 

From a general view, thoi'ofore, of the matter, it follows that 
the advantages of drainage are greatest and the disadvantages 
least for foi'csts on fairly level ground, whilst the reverse is true 


Ftcj. 23P. 



ti. Vciliciil Jraiii. h. Iniiicinicnblo stratum, c. Permeable (>tnitnni. 

for mountain forests. The advantage of draining swamps ns 
regards sanitation, circulation of the air and avoidance of malarial 
fever, need only be referred to hero. 

The following methods are employed in drainage : — 

1. Vertical drainage. 

2. Surface-drainage by open ditches. 

8. Undcrgi-ound drainage by covered di-ains : — 

(a) By trenches. 

(1) By glazed pipes, 

(c) By ordinary draining tiles. 

1. Vertical Drainage. 

Vertical drainage is carried out by piercing an impermeable 
stratum and thus allowing the water to descend into a lower 
permeable stratum and be thus drained off One or more 
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l)nrings of BiifTiciciit brcadili Bhoiild bo mndo tbrougb tbo 
iraiicrmcnblo stratnin ai its lowest point, ns sboiru in fig. 289. 

2. Drainaf/c bi/ Open Ditches, 

(n) Mode of Laying out a System of Drains. 

Tbo mode of Inj'ing out fi system of drains depends on tbc 
nntnrc of the locality. On level ppround and in valleys, a 
comx)lctc network of drains is laid out after the land has been 

Pic. SiO. I'lo. 211. 



Plan of (IrninAgc. /t. ^Inin-dmin. g. Feeders, 

carefully levelled, and consists of main drains, leaders and 
feedei's. 

Tlie main drain sboald run along the lowest part of tbc area 
to bo drained, necessary excavations being made to give it a 
uniform gradient between 0*5 and 1%, and to conduct it into the 
nearest watercourse. 

The leaders must carry off tbe water in tbo shortest direction 
from tbo feoders to tbc main drain, while tbo feeders have to 
collect water from the soil and conduct it to tbc leaders, tbe 
direction of wbicb depends on tbo gi-adieut of tbe ground. 
When tbo gi-adicnt is moderate, tbo main drains and leaders 
should run along lines of greatest fall ; if it is too steep, tboir 
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length must be increased by causing them to wind or bend so 

that the drainage water may not wash away the bed or sides of 

the drains, and cause the formation of ravines. The best fall for 

drains is from 0'5 to 1%, but sometimes the lie of the ground 

may necessitate a certain length of drain of greater gradient. 

The feeders should be obliquely inclined to the line of greatest 

fall in order to collect the 

. . e i. Fio. 243. 

maximum amount of water 



Fig. 244. 



from the soil, and they should conduct the water into the leaders, 
to which they may be either at right angles or oblique. 

The first system, as seen in fig. 240, has the advantage of 
draining the largest area with the shortest length of drain, and 
the more acute the angle between the feeder and leader, the less 
will be the area drained by a given length of ditches. 

Thus a, b,c,d> a, h,c,f> a, h, g, k. 
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The choice of the nuglo hctwooii the fcctlers and leaders 
depends chiefly on the gradient of the ground, the less the 
gradient the more acute the ongle; foeders the bod of which 
graduallydcepcns as theynp 2 >roach the leadcrwill be most effective. 

Feeders can be laid out parallel to ozie another onl}* when the 
gradients are uniform. Figs. 2J2 to 2-14 show some interesting 
networks of drains by G. Koch. 

The jiroizer interval between the feeders depends on the 
quantity of water to bo drained away, the configuration of the 


Flo. 215. 
C 



ground and the nature of the soil. The interval between any 
two feeders will bo invorselj- as the quantity of water iu the soil. 
The looser the soil, the more easily is it drained. On the 
average, according to circunistonces, inter- 
vals of 16 to 22 yards may be chosen. 

A izracticnl method of determining this in- 
terval is given by He 3 'er, ns shewn in fig. 245. 
Cut a feeder A, and another B at diflerent 
distances from A till the ■water in the soil at 
the middle point C between the two feeders 
falls to the depth C D, to which it is required 
to be drained. 

In very wet land, the interval between the 
feeders may bo reduced to 10 yards, whilst 
on drier land it maybe extended to 80 j’nrds. 

Water percolating from a river should bo collected as near it ' 
as possible bj- deep drains running along the river-side, and . 
leading back into the river lower down stream. Overfloiv from 
n stream can onlj' bo kept back by tlio construction of dams, as 
in the English Fen districts, or along the River Severn. 

On slopes, water -should bo collected at the points of issue 
from the •water-bonring strata, before it can form a swami). 
Thus the water should bo collected in a drain /. k running along 
a contour-line on the hill-side (fig. 246), and then conducted 
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down-hill h)’ a lender A along the lino of gronlost lall, any outl 3 'ing 
swampy places in depressions being connected with the latter. 
"Wherever the fall and the extent of the nven to be drained arc 
considerable, several such drains may be constructed, one above 
the other. 

(b) Dimensions of the Drnins. 

The breadth of the drnins depends on the amount of water in 
the soil, the gi-adient of the ground, and the purpose of the 
drnins. The wetter the soil and tho slighter the gradient, the 
broader must tho ditches bo ; the lenders being broader than tho 
feeders, and the main drain than tho lenders. From 1 to 2i 
feet is a sufficient width for the feeders, and 8 to 5 feet for tho 
lenders and main drain. 

The depth of the drains depends on the depth to which the 
land is to be drained, and on the phj’sicnl nature of tho soil aud 
subsoil. Clay requires a greater depth of drainage thnn loam, 
and this again thnn sandy lonm. In penty soils, the drains 
should go down to the mineral subsoil. In practice, the depth 
of di'ains is usually half their width, and draining to too great a 
depth is prejudicial,, costing in excess of tho requirements of the 
case, and depriving tho subsoil of reserve ^s'ater which will be 
required by tho trees during dry weather. 

Tho slope of the sides of tho drains depends on the degree of 
coherence of the soil, and on the gradient of the drain ; the 
looser the soil and the steeper the gradient, the gentler must 
this slope be. Drains on a stUf soil, or on peat, may have stoop 
sides ; on loams their slope may be 45°, on clays C0°, aud the 
sides of drains on peat may be almost vertical. 

Tho main drains may bo provided with sluices at snitable 
places, so that they can be closed and the drainage stopped 
during dry seasons. 

(c) Method of Digging the Drains. 

Drainage should precede planting by a few years, so that the 
ground may become sufficiently dry and may settle down before 
the plants are put in ; a dry period of the year should be chosen 
for the execution of the work. 

Operations should be commenced with the main drain at the 
lowest part of the land, in other respects the system already 
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described for digging boundary-trenches should be followed. 
The earth removed from the drains should not be placed too close 
to them, as it may then be \vashed back again by the rain; 
it should be used for filling-up hollows or spread evenly over the 
sm^face of the ground, which is beneficial in wet places by raising 
their level. It is most economical to give the work out to be 
done on contract. 

(d) Advantages of the Method. 

The advantages of the method of draining by open ditches 
when compared with closed drains are : — 

Cheap execution. 

Eeady discoveiy of places requiring repair, and cheapness 
of repairs. 

Its disadvantages ai*e : — 

Loss to the forest growth of area occupied by the ditches. 

Difficulties in transport of produce. 

Liability of the ditches to damage by men, cattle, &c. 

Too rapid removal of water. 

The loss of area taken up in open drains is not of ‘any practical 
importance in forestry, and provided care be taken about the 
number and dimensions of the ditches, the other disadvantages 
of the method may be avoided. Hence, for these as well as 
other reasons which will be given further on, drainage by open 
ditches is the chief if not the only available method of draining 
forests. 

3. Covered Drains. ' 

(a) 'Trenches. 

Underground drains are usually made as in fig. 247. 

The trenches should be about one foot broad at their base, 
to 24 feet deep, and mth a slope as steep as the nature of the 
soil irill allow. The trench is then half filled with stones, which 
are covered with brushwood, reeds or sods, and the top is filled- 
in with earth. Another method is to cover the base of the 
trench with fascines or tied bundles of green osiers, branches of 
alder, poplar or shrubs, which are used immediately after they 
have been cut. The vacant spaces betw'een the fascines along 
the sides of the trenches are filled up with moss, and the whole 
covered with earth, as before. This mode of drainage, knowm to 
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the Homans, -was introduced into England by Elldngton, and 
was much practised until 1820. It has the advantage of pre- 
venting excessive drainage, and may servo its purpose in places 
to bo planted up, until the roots of tho plants can themselves 
drain the soil. 

Brushwood-drains when the fasemos aro of alder branches will 
last from 8 to 10 years; they rot sooner on calcareous soil and 
last longer on clay. 

Drains made with stones may last for 50 years, and arc 


Fig. 247 . 



Section of a drain. «. liayor of btonos. 6. 1.ayct of bmnebes. <i. Layer of tarlli, 

therefore preferable, unless temporary drains are sudicient for 
tho purpose. 

(b) Glazed Drain-pipes. 

Drain-pipes made of glazed burned clay or cement and of 
various dimensions are now generally used for culverts, and unite 
the advantages of rapid drainage and facility for being cleaned 
with that of great durability. 

(o) Draining Tiles. 

Draining tiles are cylindrical tubes of burned clay with a 
circular sectiou. They are generally 1 to 1^ feet long, i to ^ 
inch thick, and their apertures IJ to inches across. A good 
draining tile should be well-burned and smooth within, it should 
ring when struck, show a clean uniform fracture, and stand 
sudden changes of temperature wthout cracking, for which it 
may be tested by plunging it alternately into hot and cold 
water. The clay used for these tiles should be faii-ly pure, and 
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contain no lime nor coarse grains of sand. The larger tiles are 
ased for main drains and the smaller ones for collecting drains. 

Trenches for the tiles are similar to those in nse for open 
drains, theii* dimensions depending on the nature of the soil ; 
their sides, however, should he vertical ; the main drains have 
a fall of 2 in 1,000, and the collecting drains a greater fall, 
and should he from 30 to 80 feet apart according to the nature 
of the soil. The shortest distance for collecting-drains is chosen 
when there is much subsoil-w'ater in stiff clay or very fine 
grained soil with great capillarity; in fact the looser the soil, the 
further apart the drains should he. 

The depth of the collecting-trenches should he from 8 to 
feet, and at least 8^ feet is necessary in cold climates, to prevent 
damage to the tiles hy frost ; the main drains should he some- 
what deeper. 

After the trenches have been dug, which for veiy wet soils 
should he in fine weather, and with as little delay ns possible, 
the tiles should he laid carefully, beginning at the upper end of 
the drains, and placed end to end at the bottom of the trenches ; 
or, if the soil he loose, on a layer of clay or on fiat roofing tiles, 
which will give the bed of the drain an even gradient, to which 
much attention should he paid. Brown'’ recommends placing a 
layer of stones under the tiles, in which ordinary drainage-water 
may run, while its level will only rise to that of the pipes when 
the soil happens to he exceptionally wet. This is because the 
rootlets of trees are attracted towards wet substances in the 
soil, and will therefore branch freely among the stones and yet 
not block up the pipes, which are usually dry. Brown also 
advocates placing a layer of clay over the pipes, so as to keep the 
upper rootlets from getting into them. 

The size of the aperture of the tiles depends on the degree of 
wetness and capacity of the soil ; the more water there is to bo 
removed and the greater the danger of the tiles becoming choked 
with soil, the larger the aperture of the tiles, and in sandy soil 
it should be at least two inches. 

After laying the tiles, which should be done in dry weather, 
and as rapidly as possible, the trenches are filled in with earth, 

* The Eotester : Brown and Nisbet. Blncknood & Co., .3894, Vol. T., 551. 
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^nd the greatest care should he taken, especially when the soil 
is stony, that the pipes are neither broken nor displaced. 

The durability of the drains depends on the nature of the soil, 
the quality of the tiles and the care taken in executing the work. 
■\Yell-burned tiles at depths of to 4i feet should last for 25 
years and more ; for instance, draining-tiles laid in 1850, in the 
Prussian Crown Estates, were in good order in 1880. 

(d) Covqmrisori of Drainmg Tiles with Open Drains. 

Drainage improves soils by lowering the level of subsoil 
water, and exposing a larger area of the soil to the influence of 
atmospheric air, thus rendering it warmer and accelerating 
the decomposition of humus. As compared with open drains, 
draining-tiles waste no productive area, are less subject to 
damage and drain the soil better, and their use is highly advisable 
in agricultural lands, but in foi'ests they are much more costly 
(;£8 an acre) to lay out than open drains, and they easily become 
choked by the rootlets of trees and of weeds such as Equisctuvi, 
Artindo, &c., and also by frogs. Deposits of iron-ochre may 
also be formed in the pipes, and they may become filled with 
sand. 

Experience has shown that in forests all the disadvantages of 
underground drainage occur moi'o frequently than in agricultural 
lands. 
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CHAPTER JJ. 

I'j:otj;ctios AC.UNfrr avalanches.* 

1 - Orifjin. 

AvaIjAN'cto': are cna^ed hr the loosening and f«U ofnBE.«fc' 
snow or ico on stoop sniootli slopes in monntainons icgifn; 
they may consist of loose or massive snow, or bofb comlM 
or of ice from hroheii glaciers. 

(a) Araf (inches of Loosr Snotr. 

These nre locally termed Staithhnrinen, and occur in Noraak. 
when fine dnst>likc snow is falling; they are dne to great deep- 
ness of the nioijnt.nin sides, or to overhanging masses of 
falliitg on to rocks, the snow being separated into dust dans 
its fall. They seldom cause any damage. 

( 1 *) AraIonef4CS of ^lasstre Snow. 

UroTomonts of the upper layer of massive snow, teimei 
Ohrrlairincti, occur chiefly from December to FebmaJT, wffl 
thick layers of fresh snow have fallen on to old frozen aw^i 
and become so weighty that they can no longer rest on * 
smooth base beneath them. 

(c) Ground Aralanehe^- 

'S^*hen masses of snow which extend down to the snrfete of 
the ground, roll or slide down a mountain side, f^®^*** 
termed Gntitdlairincp. and are extremely dangerons. * 
generally fall towjirds the end of winter at midday, during ^ 
melting of the snow, and when al-o/;n, or sonthwind,isl)W®^ 

* KL Ka Bidi?, Schaeelawicea o. Sie!iis:hla^~ ZuriA, 
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niul frequently during n storm. These nro the commonest and 
most dangerous nvalnnches, and leave tracks which can ho 
readily observed, as they occur over and over again at the 
same places. 

In the winter of 1875 — 70, in the district of Ragnz, of the 
Swiss canton Graubiinden, 500 avalanches occurred, and in 
the district Schuls of the same canton, 881 nvalauchcs. The 
winter of 1887 — 88 was also distinguished by the number of 
avalanches which fell. The Swiss Forest Dei)nrtmcnt is now 
engaged in collecting data regarding avalauchcs in order to 
decide when special measures against them are most called for. 

(d) Glacier- Avalancliett 

Consist of broken fragments of glaciers. 

The following remarks apply onlj* to avalanches of massive 
snow and ground avalanches. 

2. Damage done. 

The damage done to forests by avnlancbos consists in the 
breakage of all woods lying in their way, and in the obstruction 
of streams and roads which they cause. The rush of air which 
accompanies an avalanche is so great that it breaks many trees 
up to a distance of several hundred yards from the avalanche. 
Many ibex arc also killed by avalanches. No forest can with- 
stand the rush of a largo mass of snow down the mountain 
side, and the higher, smoother and steeper, and freer from wood 
a mountain-side is, the greater the danger of avalanches, and 
the greater the rapidity with w’hich they fall. 

A soil-covering of hill grass is a considerable protection. 

3. Protective Citliural Measures. 

(a) The surface above the tree-limit should bo fixed by 
sowing grass. In order to afford n sufficient obstacle to the 
sliding down of the snow, the grass should bo mown so ns to 
leave a high stubble. 

(b) All shrubs, such as alpine roses, mountain-alder, dwarf 
birch, &c., should be carefully' preserved on steep slcjms. 

(c) The forest must bo maintained up to the tree-limit, and 

N K 2 
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this is the most iraportiuit rule. Forests Avliich serve to protect 
the country from tivnlunclu's «irc coiiimonlj’rfomid in Switzcrliind, 
the Tj'rol, iind the Austrian Alps, nml must ho properly 
managed so ns to secure the ohject in view. 

The host species for such forests arc Phiun Ccmhr<t,P.mimtnna, 
green aider, larch and spruce. The moiintain-j>ine and aider 
resist the snow action sjdcndidly. Tlie Selection system must 
he adopted, and nil gaps he nt once planted up. "When n now 
forest is being formed, sometimes sowing and sometimes 
planting should ho preferred. In ston}’ shallow calcareous 
soils, jiit-sowings arc made under the shelter of stones, rochs, 
dead branches stuck into the ground, or of logs fised by stukes, 
nil of which protect against the sliding of the snow. In places 
where there is deeper soil, in depressions, Ac., multiplo-planting 
with three and four plants should ho tried. Prodnetion of 
wood is of secondary importance in such forests, and, as ft 
rule, only dead and broken wood should bo utilized, and the 
stumps should then ho left In the soil, the felling being high 
above the ground. Thickets of young wood must ho cnrofnlly 
thinned. Neither removal of litter nor pasture, more especially 
that of the dcstructivo goat, should be allowed, but, unfor- 
tunately, in such places browsing by goats is only too common, 
and the tree-limit is being continually lowered. 

4. Protective JVorA’s. 

Protective works consisting either of ditches, rows of wottle- 
fcnccs or walls should bo mndo above and below the lino where 
avalanches begin, which is easily recognised b}' a sudden change 
in the gradient of the slope. 

fft) Ditches , — Interrupted horizontal ditches, 6 to 16 feet 
apart, are dug ail over the area, being arranged Him the wattle- 
fences in fig. 248 ; their construction on voiy steep slopes is 
evidently not unattended with danger. 

(b) Rows of Wattle-Fences . — ^These ore set up at inteiTals 
of from 20 to 50 feet, thoii* central points being at those of n 
series of equilateral triangles; they should ho 16 to 80 feet 
long, and of wattle-work w’ith branohes plaited between stakes 
firmly driven into the groimd. 
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Such a system of wnttle-fences nllows soil to ho formed on a 
rocky slope, which may afterwards he sown wth grass, or 
planted with trees or shrubs. 

(c) Walls . — On stony ground, walls of dry masonry may bo 


Pig. 218. 



, Plan of feticce for pratoction ng.iin&t iiralnnclics. 
a b. Lino >r]icrc tlic avnlnnclics commence, e. Fences. 

Fig. 240. 



erected instead of wattlo-fences ; their mode of construction is 
shewn in fig. 249. On steep rocky slopes, tho rock must he cut 
to admit the foundation of these walls, but this need only bo deep 
enough to prevent the walls from falling, owing to their own 
weight. Such walls have proiud very effective in the Swiss 
cantons, Uri, Graubunden and Wallis. 
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CHAPTER HI. 

PROTECTION AGAINST SllirilNG SAND/ 

Under tho term shiftimt /sand is mount a fine-grained sand 
containing so little ck}- or humus that when diy and tho soil is 
badly covered with vegetation, it is sot in motion by tho* \rind 
and blomi from place to place. Shifting sand is generally 
found on tho sea-coast, but also in the interior of countries. 
As tho productive forest area becomes rapidly reduced by the 

spread of the sand, the ovil must bo promptly and vigorously 
met. 

Section I. — Sand Dunes. 

1. Descnjdion. 

Sand is thrown up by the waves along the sea-coast at high 
tide, and becomes under certain circumstances heaped up into 
hillocks, or dunes, and is then carried further into the interior 
of tho countiy. Vassolot de Eegne states that tho grains of 
sand on tho Gascon coast are too largo to bo carried like dust 
before tho -wind; but arc rolled ui> the slope of a dune and fall 
over its ridges, so that the dune naturally attains a slope of 
about 26° towards tho sea, whilst its slope inland is generally 
steeper, and may attain 60°. Tho sand is blown away from the 
ridges or from any eminences in the dune, however slight they 
may be, and is also carried through depressions made in a 
ridge to the. further side of the dune. Two forces are at work 
on the sand — the sea-breeze which prevails daring day-time and 
drives tho sand inland, and the land-breeze by night, which 
finds the sand firmer owing to tho dew, and is not so effectual 
in blowing it back as tho sea-breeze is in blowing it forward. 

• -Wessely, Joscl. Der Europ.iische FJngsand n. seine Cultui. Wien, lS/3. 
Notice sur les Dunes do la Coubre, par Vnsielot do Edgnd. Pans, Imp. Nat., 1878. 

desEaux otForfits. July-December, 
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On the coasts of the North Sea and of the Baltic, in Holstein, 
Schleswig, Jutland, and in the Baltic islands, and along the 
western coast of France, from the He d’Oldron to the mouth of 
the Adour river, sand-dunes cover extensive areas, and until 
effective measures were taken to fix them, large tracts of 
cultivated land were buried in sand. Along the coasts of West 
and East Prussia, for a distance of 150 miles, dunes extend to a 
breadth never less than one-sixth of a mile, and unless they are 
fixed they encroach inland yearly by 60 feet. The area of 
European dunes is estimated at 21,000 square miles. 

The coasts of the British Isles consist chiefly of rooky cliffs, 
but sand-dunes are found in Norfolk and other points along the 
coasts of Great Britain. 

The dunes along the Bay of Biscay in the French Ddpai-te- 
ments dcs Landes et dc la Gironde extend over a total length of 
140 miles, forming a series of parallel ranges about 160 feet 
high and 4 miles broad. During the constant political troubles 
of the middle ages, the natural forests of maritime or cluster 
pine {P. Pinaster, Soland.), which formerly covered this area, 
were burned and desti'oyed, and the sand invaded the country at 
the rate of 60 to 70 feet annually, covering whole towns and 
villages, cultivated fields, and vineyards. In 1787, the engineer 
Bremontier published a treatise showing that the dunes could 
be fixed by sowing sand-grasses and pines, and the work of fixing 
the dunes of Gascony was commenced in 1788, and has been 
continued with complete success up to the present day. In 
1810, the French Legislature passed an Act enabling the State 
to fix dunes belonging to municipalities and private owners, by 
means of plantations, the owners only recovering their property 
after paying the cost of fixing the sand. This they have only 
rarely been able to do, owing to the great cost of the operation 
compared with the value of the reclaimed land. 

About 800,000 acres have thus been'dealt with, the annual 
charge for new work and for maintaining the dunes which have 
been already fixed having been ^8,400 in 1893. In this way vast 
areas have been saved for agriculture, and enormous tracts of 
pine-forests created, which afford work to a large number of 
people in the extraction of resin and turpentine from the trees, 
and in timber-works. 
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2. Construction of a TMtoral Dune. 

As an embanhmont along tlio const provents tbo wind from 
dri^ng tbo sand inland, tbo ebief point to bo secured is to fix 
tbo sand, so ns to form wbat is lormod tbo littoral dune, the 
modo of construction of which is ns follows : — 

Two parallel fences arc erected along tbo coast, between and 
on both sides of which the sand nccuinnlatos, the fences being 
gradually raised till the dune has attained such a height that 
only inappreciable quantities of sand are blown over it. 

The fence facing tbo sea is a continuous line of paling, from 
800 to 600 feet distant from high-water mark; it is made of 


rin. MO. 



h The Potgo Dune. 



c The Ferret Dune. 


inch i>lanks 6J feet long, G to 8 inches wide, which are pointed 
below. The^- are inserted to f tbs of their length into the sand, 
and 1 inch apart, to allow sand to blow through. “When the 
sand has noarl}' covered the planks, they are raised three feet by 
means of levers worked by one man against the next unraised 
plank, or by a stout rod passed through a chain fastened round 
the plank and lifted by two men. This operation is repented 
until the proper height of the dune is attained, which G-randjean 
places at 10 metres, or about S3 feet. 

The back fenco is usually made of wattle-work and prevents 
the sand w'hich has passed through the front fenco from being 
carried inland, and gives a projjer contour to the dune. This 
fence is replaced by a new one w’hen it has become covered with 
sand. 

The preceding diagi-ams taken from Grandjean’s work repre- 



SAHD DUNES. 


527 


sent the ordinary sections of tire littoral dune, and he considers 
h and c preferable to a, as being mnch easier to maintain. 
They have slopes of 26° or 27“ facing the sea, which corresponds 
with De E6gne’s natural slope of the dunes. Grandjean, in the 
work akeady referred to, gives full and satisfactory reasons 
for the height and gradient he prefers for the littoral dune. 

3. Material for Fixing the Sand. 

The littoral dune can never be planted with trees, on account 
of the salt spray of the waves and the strong sea-wind. In 
certain places in Holland, masonry works and piles have been 
erected to protect the dune, but as a rule flexible plants are 
much more effective than rigid and costly works. Attention is 
therefore directed to sand-grasses and sedges, and the best of 
these for the pui-pose are ; — 

Sea marram, or matweed (Psaimm arenaria, R. & S.) ; 

Baltic matweed (P. baltica, Schrad.) ; 

Sand lyme-grass (Elymus arenarius, L.) ; 

Sand sedge (Carex arenaria, L.). 

All these plants are characterised by very long much-divided 
rhizomes, and can withstand being covered over and buried in 
sand. The sea marram will only grow where it is continually 
covered with fresh sand, and dies inland in the shelter of tlie 
littoral dune, when no fresh sand covers it. It is termed 
gourbet in France, and is exclusively used for fixing the littoral 
dune along the Bay of Biscay. Next to the marram in repute 
for fixing the sand comes the lyme-grass, and these two species 
are chiefly uspd for the purpose in Holland. 

Other plants grow in gradually among them, at first lichens 
and algffi, then grasses, as for instance Arenaria peploides, L., 
Aira canescens, L., couch-grass {Agropynim repens, Beauv.), 
and other plants, such as the sea-poppy, Glauciim hiteum, 
Scop.; Latbyrm maritinvus. Bigel; and Hieradum unibel- 
latum, L., &c. Vasselot de Begne gives a very complete 
botanical list of dune plants. 

Several shrubs then appear on the land side of the dune, as 
Salix repens, L. ; sea-buckthorn {Hippopliae rhamnoides, L.) ; 
Lycinm barbarian, L. ; Tamarix, &c. 
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4. Maintenance of the Littoral Dime. 

When once the littoral dune has been raised to a proper 
height ond profile and fixed by means of sea marrom, it is 
necessary to maintain it constantly in the same state, and any 
undue accumulation of sand in an 5 ' part of the sea side of the 
dune at once causes an inland draught of sand on both sides of 
it, which if not at once attended to %vill breach the dune. 

Men termed gardes cantonniers are therefore stationed along 
the littoral dune in Gascony, who cut away all vegetation except 
the marram from its surface facing the sea, in order to prevent 
undue accumulation of sand. As the marram grows readily from 
cuttings during the colder six months in the year, the -workinen 
who cut it away from ridges jilaut it in depressions, or if the 
season be too hot or diy for the cuttings to take root, the pieces 
cut from ridges are merelj* placed on depressions. In this way, 
by cutting away the marram where it is too dense, and planting 
or placing it in depressions, the proper contour of the dune is 
maintained, ns the sand accumulates behind the marram, and is 
blown away wherever the latter is cut. 

In cases where the dune has been neglected and large depres- 
sions have been formed, it may be necessary to use rvattle 
fencing to cause an accumulation of sand, but if ordinary care 
be taken, the marram grass will suffice to keep the littoral dune 
in good condition, and Grandjean believes that new dunes may 
be formed by means of it, without using the fences described in 
heading No. 3. 

6. Protective Coast Forest Zone, under the shelter of 
the Littoral Dune. 

(a) Description. 

Under the shelter of the littoral dune, a protective zone^ 
of various woody species mixed with gorse, species of genista, 
heather, Tatnarix, &c., is then allowed to spring up, but is 
generally planted or sown artificially. 

The species chiefly grown near the Baltic coast is the Scotch 
pine, over 8,000 acres of this species having been planted near 
Dantzig betw'een 1795 and 1 850. 

In Zealand, the uncinata variety of the mountain -pure 
* * 
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being followed in b'rance and the latter in Germany. Pieces of 
the grasses should be planted in rows at right angles to the 
direction of the prevalent wind, holes being made with a spade 
1 foot to 2 feet apart, and three or four pieces of rhizome 
planted in each hole so deeply that only about 6 inches of them 
appear above the sand. They soon sprout and send out suckers 
in all directions through the sand, which they fix most 
effectually. 

The cost of fixing sand with grasfe is that of 70 to 140 days' 
work at 3s. a day averaging J£15 an acre. In Prussia long-rooted 
yearling pines are then planted 1 foot apart in rows distant 3 feet 
from one another. The work is done with an iron dibble, so as 
not to loosen the sand unnecessarily. Mountain-pine is the best 
species in the north for fixing the sand, other trees being even- 
tually planted between the pines. 

Cuttings of poplars or willows may be also planted. 

In fixing dunes along the Baltic coast, Prussia q)ent 
j£3,100 a year, between 1884 and 1887, during which time 
280 acres were fixed with grass and 608 acres stocked nith 
trees. 

The planting is usually effected under the protection of the 
littoral dune, and pine forests in the protective zone are then 
managed under the Selection system, and broad-leaved species 
are copjnced. 

In the Danish island of Zealand, up to 1866, sowing was pre- 
ferred to planting, the sand being previously covered with a thin 
coating of loam which w'as placed on the ground in heaps in the 
autumn, and somewhat weathered by the winter’s frost before 
being spread over the area in the spring. 

In France the cluster pine is sown with other seeds in the 
following proportion for an acre : — 

Cluster pine seed . . . . .26 lbs. 

Furze or gorse . . . , . 21- ,, 

Genista . . . . . . 21 „ 

Marram grass . . . . . 24 „ 

Seeds to attract insectivorous birds . 2i ,, 

As tbo seed is sown, it is covered with 1,000 faggots, 3 feet 
in girth and 5 feet fong per acre of furze, broom, heather or i)ino , 
branches, furze being preferred w’berover it is available. The ^ 
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pastured. The water rat and the Inrvre of PolyphyVa fullo, L. are 
the most dangerous enemies to the grass rhizomes. 

Dune forests must be strictly protected against grazing, 
removal of litter and trespass. Article 866a. of the German 
Criminal Code punishes contravention of police regulations re- 
gai'ding dune forests with fines up to 11. 10s., or imprisonment, 
and in Holland, four weeks’ imprisonment is inflicted for cutting 
grass on dunes. 

Only dead or dying wood should be removed fi.’om the dune 
forests. 

(d) Addetida. 

The best ^English example of the fixing of shifting sands 
is on the Holkham sand-hills on the Norfolk coast, belonging to 
the Earl of Leicester, where, since 1850, sea lime-grass and 
marram have been used to fix the sands, and several species of 
pine planted, of which the Corsican pine has proved most 
successful. 

In India, along the Madras coast, extensive plantations of 
Casuarina cquiseitfolia, Forster, have been made, and grow 
with extraordinary rapidity, yielding excellent fuel. 

In the Cape Colony, shifting sands are sown with cluster 
pine and Acacia Pycnajitha and decarrens, the seed being mixed 
with rye seed, which pi'otects the seedlings. A layer of town 
refuse is first spi-ead over the sand to assist in fixing it and 
serve as manure. 


Section II. — ^IniiAnd Sand.* 

1, Description. 

iTilftnd sandy tracts generally originate from sandy hills, and 
are due chiefly to the clearance or careless management of 
forests, and especially to removal of litter. Extensive sheep 
pasture on heather-land also readily sets sand in motion. Large 
tracts of shifting sands are found in Hannover, Oldenburg, 
Pommerania, &c. The greatest areas in Europe of inland shift- 
ing sand are, however, in Hungary and South Bussia- 

, * Bnrkliardt, Dr. H., Zur Kultnr <les Flugsandes. Aiis dem Weldo. 1877, 
p. 167. 
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2. L’lilm, 

Mnintciianri' of for('st«, oHjM'i'inUy oji wimly liilli, i'. llu' rliirf 
prolcctivo to Jto ndoplo^l. Xn( only mu**! of 

forests W ]trcv»>nletl, Iml nil prurtii’i'S Iciidituf U> 

llicir impovorihlnnoiil nui*<l In* nfojipcil. 

The follow! ji<; mon-swri"* slintihl lie ntlopt* il !ii forests v-liieh 
servo ns n ]»rolerlioii n;;oiiiel shiftin;; Munl : — 

(rt) The Selection system shouhl he iulojtl<«1, or only very 
small arena muler a short rotnlion he rh iired. I-Ateii*.ive 
elenrino.s nniat he. nvoidctl in any case, hnt llie sheher'Wood 
systems vvith natural repenemlion would he suitnhle were it 
always possihle to nhtain nnlunil ref'eni'raliim on dry, sandy 
areas. In the (Snseon eliisfer-plne forests, rdenr-rntlin" is 
adopted, hnt the ]»inc seed is produced so ahnndantly hy trees 
adjoininf; the elearod area and I'enninalea so freely, that ^'ood 
results follow, 

(!') In the case of artifieial reKenerution, jdantin;? is preferable 
to sowiii{;, hut the ]dautin[;-holes should he small, and yomif; 
plants used. 

(c) The borders of the forest to windward mnst he hcpl 
densely stocked and all underwood protected, wliile the soil- 
covcriiifi is strictly jirescrwd. 

(d) Stumps should he left in the {ground after fellings, and 
cullirntion of cereal crops in eoinhiniilion witli sowinjis of 
forest trees must not he undertaken. 

(e) Xo jinsturn"e should ho allowed, and all servitudes for 
pasturnRO, passaRC of cattle, usage of grass or litter should bo 
legally nunullod. 

3. J<lration of the Suud. 

The supply of sand must be stopped at its origin hy planting 
ap the sandy hills from which it comes. Loose sand may bo 
fixed hy means of fences, or by covering it with branches or 
sods, and both these methods may be combined. Planting sand- 
grasses is not advisable, ns it only increases Ibc difficulty of 
restoring forest growth to the denuded arcs. 

(n) Fences. 

Pences are generally made by driving into the ground pino 
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Btakes 6 to 8 feet long and 2i to 4 inches in diameter. They 
should ha driven 2 to 3 feet deep and supported alternately 
on ei ther side by means of oblique stakes, as shown in fig. 25S. 

Between the stakes, branches of Scotch pine or of broom 
should he intertwined, leaving sufficiently large interstices for 
the sand to pass through, or else the fence would be broken by 
its pressure. Poplar- or willow-cuttings may he used instead of 
pine-stakes, and their side-shoots may eventually he twined into 
a fence. 

The fences should run at right angles to the direction of the 
shifting sands, on both sides of roads, or other endangered 
places, their ends being turned round to serve as a protection 
against the winds blowing at right angles to the fences. Several 
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of these horseshoe-shaped fences may be made, at suitable 
distances, parallel to one another, the distance between them 
depending on the locality ; on level ground a fence will afford 
shelter for 200 to 230 feet, but on hilly ground, for not more 
than half these distances, and on steep hill-sides not more than 
sixty feet. 

One man can make from sixty to sixty-six feet of fencing in 
a day, non-inclusive of the labour of transporting the material. 
Fence- construction is therefore costly, and fences are no't used at 
present so much as formerly, as they do not thoroughly fulfil 
their object. 

(b) Coreiing the Sand. 

Branches, weeds, grass, seaweed, and sods or straw are the 
materials used, and for the sake of economy, the nearest 
available material should be chosen. Branchy stems of Scotch 
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pine, juniper-bushes, heather, broom, reeds or rushes form 
useful iiiatcriul, and sods are cut from grass or heather land. 

Covering the ground with sods is the host measure, and is 
much followed in Hannover and Oldenburg, whilst straw is used 
in Flanders. The covering is chiefly employed for the most 
endangered idaccs, such as ridges, the windwnivl side of hills, 
depressions and roads ; other places may bo readil}* stocked with 
forest growth, provided fresh sand is not blown on to them. 

As in the case of dunes, the first measure is to got rid 
of superficial inc(^unlitics in the area to be covered, and 
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the covering should then bo applied from W. or R.W. to E, 
or N.E., the ground being cither entirely or partially covered. 
Ronds are generally covered completely, but, in other cases, 
partial covoi'ing is adopted on account of the high cost of com- 
plete covering. The looser the sand, the more complete should 
be the covering, and it is always more prudent to do too much 
than too little in this respect. 

Branches are cither i7lnccd on the surfneo of the ground, 
or stuck into the sand, with the bushy end inclined away 
from the wind, the rows partiall}' covering one another, but 
their use is not recommended on account of the difficulty in 

VOL. iV. 0 0/ 
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stoclviii" nil ftrtvi whirli lum broii roniplotoly oovcrcd with 
hmnolii'S, wiiilst if thoy «r»* isolnlcd, tlio\’ iiro liiiblc to ho blown 
jiwny. 

JIcatluT iind broom oon 1»o iiwd only on Icvol ground in piecos 
1 J. to 2^. fcft Ion", and ohoiild bo losm’d oijimbly ovor tbo uron 
by incnns of hn 3 '-forks, nfu-r it bus bi'i-n j<own up with Scotch 
pino seed. Sowin"« tbna oarrird ont xrill Ko»'or«ll,v jrfovo suc- 
cessful if tbo spriii" be niodomtelj- wot. 

Sods are nlwn\-.s laid with the* oartli^' side downwards, and 
should be rirmh']»ressed down, 

'I’he diagrams on tbo previous pa^o show how the sods innj* bo 
nrnin"od. 'Where a si>d is laid in the middle of each patch, it 
should be lar"er limn the others, and that form of seddiii" is 
preferable, as the loose sand within the patches cannot Rct out. 
The lines of sods slionld be at right angles to the direction of the 
prevailiii" wind. 'J'be wtirk of sodding slionid be done during 
autumn, after tins sand bns been ivell honked b^' rain, or in the 
spring, and tlic ground hboiild be at once sown or planted.^ 

Ill CierinuMj*, partial sodding of tbo ground costs from 11. to 31. 
an acre, with duil^* labour at l^f. lOd. Covering with branches 
fakes about fort.v or fiftj* cartloads per acre, and costs somewhat 
less than sodding. 

•J. Sfoclcini/ the Area. 

Fixing the sand should be followed by stocking tbo area, 
unless the two operations hove been done 8 unultancon 8 l 3 *. 

The most suitable species arc Scotch or mountain pines, also 
robinia or birch. The three first species arc very hard 5 ', and 
3 'iold iiloiitj* of humus. The raouutaiii pine covers the ground 
ndmirabh', and the robinia, owing to its faculty for producing 
snekers, raiiidl^' fixes the sand, and has given excellent results 
in Hungary. 

For damp places, poplars and willoivs should bo used, the 
Gnnndinn white and black poplars being most usual. Salix 
armaria, L., the Caspiou willow (S. acutifoUa, Willd.) or 
S. cincrca, L., may also bo planted, the latter rapidlj* covering 
the soil with its creeping lateral branches, and it easily grows 
through any sand "which maj’ bo blown ovor it. 

In south Russia, near Odessa, Ailatlthiis glamlulosa, Desf. is 
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used on sand-dunes, nnd also in the south of France. This very 
accommodating species grows rnpidlj’’ nnd sends out numerous 
suckers, nnd thrives on the hot southern slopes of the Siwnlik 
Hills in India, ns well ns in smoky London. The cluster pine 
may also ho Tiscd ns in Gascony. ' Sowing is still employed in 
restocking bare sandy tracts in France, 15 to 20 lbs. of seed being 
used per acre : but in Germany 3 to I-j’ear-old transplants ndth 
halls of earth arc now planted in rows nt right angles to the 
prevailing wind. The plants arc put in deeply to prevent ex- 
posure of the roots, and because they suffer in summer from 
the heating of the sand. Scotch pines do not suffer nt all from 
this deep planting. Li order to get tho area stocked as soon ns 
possible, intervals of only 2i- to 3 feet are left between the rows, 
nnd the plants are 1 to 11 feet apart in the rows. In Hannover 
thej’ are planted with a hea^y planting iron, termed Buttlar’s 
iron,'* and a mixture of § i^cnt uitli 2% unslnked lime nnd 
sand is used to fill the holes round tho roots. Tho peat is 
hygi'oscopic nnd retains moisture near tho plants’ roots. 

Robinias, poplars and willows are put in ns cuttings in 
little clumps or in furrows. Somotiinos the ground is culti- 
vated before the cuttings are put in, nnd Scotch pine seed sown 
in the depressions. Hubert recommends that grass seed should 
be strewn over the plantations. In Austria, Jerusalem artichokes 
{TIdianihus iuberosus) are frequcutl}' planted to shelter tho woody 
plants against heat and cold. 

In case tho sandy tract is' so extensivo that it cannot bo con- 
veniently planted up in one year, a plan of operations extending 
over n series of years should bo drami up. A commencement should 
then be made on tho windy side of tho area, and tho cultivation 
canned on in strips under shelter of tho first year’s work. In 
the Landes of Gascony, shelter-fences are erected to tho leeward 
of each year's strip to protect the plants from sand blown back by 
land breezes. Whenever the work is thus gradually dono, groat 
care must be taken to fill up all ga 2 is in tho areas to windward 
before commencing the work beyond it. 

At Lingen, in Hannover, work has boon carried out gradually 
since 1818, when there were 3,327 acres to bo stocked, of which 

* Vide Sclilich’s Mntiual of Forestry, Vol. II., jt. 121. 

0 0 2 
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75^ WAS Bilifting baiuI, nnd tho bnlnncc ciiltivntpdlund. llchvccn 
3818 'iind 1832, 2,278 nrri'S Jmd been pinnted »ncccB»ri)]]y, xnid 
tlio bnlanco of 1,018 ncrcs wns fairly woll Btoebed by 1837, tbo 
total cost tip to 18tl2 boing V. ISff. nn acre. 

I’oroits on Bbiftirig sand must be mnimgcd most carefully. 
Srolch pine arc rogonernted under tho Selection or Strip Rystems, 
and brotid-lravcd Bpecics by coppice. No pasture or removal of 
litter run lie allowed. 
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CHAPTER JV. 

rnOTECTXON AGAINST FOXIEST FIEES.*^ 

Forest fires we nearly always cnusocl by human agency, 
generally owing to cnrolqssness, but are sometimes intentional ; 
they are also occasionally due to lightning. 

It is intended to treat the subject according to these cause.s, 
taken in order. 

Section I. — ^Forest Fires caused dy Human Agency. 

1. Causes. 

The following acts, omissions or occupations may cause 
forest fires ; — 

Kindling a fire without permission, in a forest, or by the 
side of a forest road, in order to warm themselves or to cook 
their food, by travellers, or men engaged in felling trees, road- 
making, &c. 

Leaving a fire, which has been lighted by permission of tho 
forest manager, without completely extinguishing it. 

Carelessness of charcoal-burners whilst burning their kiln, or 
extracting charcoal from it. 

Burning branches or weeds whilst cultivating crops on forest- 
land or on fields adjoining forests, also burning moor-, heather- 
or grass-land. 

Burning bark to destroy beetles, &c. 

Night-fires by poachers after fish or game. Burning out 
wild bees. The collection of wild honey and wax is common in 
East Prussia and in Bussia and India, and frequently gives 
rise to forest fires. 

« Gcrding, Fires in tlio Liinobemcr Ilaidc. Frstl. Blttr., 1S8C, n. 2ill. For- 
nawlcz, Notes on Indian Sylviciiltnic. 2nd edition, 1893. Tliis book gives n 
very detailed account of the measures for combating forest liros. 
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Shooting in forests with rug or pnper Avutls. 

Cnn-j'iiig on clnngorous iiu1ustric>.s in or nenr forests, such ns 
the inunufnettire of pitch or tuqjcntino, and also iron-smeltuig 
furnaces, or fountlrics. 

Sparlcs from Jocoinotivo engines, especially nhen hnniing 
turf or lignite, and unprovided with Kparh-cxtingiiishing 
apparatus. 

Intentional firing of fore.sts for seldsli motives, as wlien 
shepherds or farmers hum extensive forc.st areas to obtain fresh 
grass for their docks and herds, as it grows up luxuriantly after 
a forest fire. 

Motives of revenge, or superstition, ns in India, where a 
deodar forest was burned to proiiitiato the goddess of smnll-pox. 

It follows from a consideration of the numerous causes of 
forest fires that the forester must be wide awake to prevent such 
calamities. Private resources arc here quite insufficient, and 
the State must assist by fi-nming suitable laws, and by in- 
structing officials to bo active in enforcing them. 

2. Kvids of Forest Fires. 

Forest fires may bo in the ground, in the soil-covering, or in 
the crowns or stems of the trees. 

(a) Grotmd-Jires. 

Tlicso occur in peat, lignite, or coal ; they proceed slowly 
unless they come to the surface, when they partake of the 
character of fires in the soil-covering. Gi'ound-firos rarel}* occur 
in forests. 

(b) Sitrface-Jires. 

. These are the commonest and most important fires the 
forester has to deal-with, burning the dead leaves, heather, grass 
and other soil-covenng of a forest. 

(c) Fires in the Crowns oj Forest Trees. 

These are less frequent in Central Furope, though common in _ 
North America and not unfrequent in India. They generally 
arise from surfoce-fires, w’hich spread to the crowns of the trees. 
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A dense coating of lichens on the trees increases the danger of 
the occurrence of crown-fires. 

(d) Fires in Stems. 

Green trees seldom catch fire, and when a whole stem is 
burned, there is generally some, decay present, and the trunk or 
branches of the tree are hollow. 

3. Damage done. 

(a) General Account. 

Forest fires damage or destroy whole woods, and especially 
young growth. Eeproduction may be stopped for the year by 
the destruction of blossom or fruit, while owing to repeated 
fires, broad-leaved trees which are not killed become misshapen 
and wcaldy. 

The burning of the dead leaves or needles on the ground 
prevents the accumulation of humus and the improvement 
of the soil, and renders it poor, hard and unsuitable for 
reproduction. 

The annual burning of the soil-covering on hill- sides may 
cause soil-denudation when it is followed by heavy rain ; this 
was the case in the Siwalik hill-range, extending for fifty miles 
between the rivers Ganges and Jumna, and its protection from 
fire was demanded by the Indian Irrigation Department to pre- 
vent their canals from, silting up. 

Game may be killed by forest fires, especially fawns in 
heather, and apiaries may bo burned. Indirectly, forests suffer 
by disturbance of their working-plans, by increased tendency to 
breakage and to damage by insects, also to growth of weeds and 
consequent increased cost of sowing and planting. 

After fires in Scotch pine w'oods the following insects may 
become extremely abundant and destructive : Ht/liirgus pini- 
perda, L., in England and Germany, in Germany only, Bostrichtis 
hidens, Fabr., B. Lands, Fabr., Jlylastcs palliatus, Gyll., and 
Hylurgus minor, Hrtg. 

(b) Accoi'ding to Species. 

In Central Euroiie, conifers suffer from fire much more than 
broad-leaved species, owing to their resinous nature, and to the 
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inflammable evergi'een needles, which favour the spread of the 
flres. The Scotch pine is the most exposed to danger, after it 
the spruce, then the silver-fir, and, last, the larch. The 
greater danger the Scotch pine experiences from fire is due to 
the early drying up of its lower branches and to the dry nature 
of the soil-covering, owing to the imperfect leaf-canopy of this 
tree and to the nature of the localities (heather lands) on which 
extensive pine forests occur. 

Amongst broad-leaved species rough-barked trees withstand 
fire better than smooth-barked trees, such as the beech. Fires 
are evidently more frequent and dangerous in High Forests than 
in coppices. 

(o) Age of Trees. 

Young woods up to thirty years old are most exposed to fire, 
as the struggle for existence is strongest, and there is usually 
most dead wood at this period. 

Well stocked woods between 80 — 60 years of ago withstand 
fires best of all, as middle-aged coniferous woods after the 
earlier thinnings contain least combustible material, such as 
dead wood, grass or heather undergrowth. 

Woods over 60 years of age where grasses and other weeds 
spring up, again become more endangered. 

The following average figures, taken from a list of forest 
fires in Hannover between 1864 — 84, support the above con- 
clusions. Out of 1,000 acres of forest, there were burned 
annually during these twenty yeai's ; — 


Broad-leaved woods . 


■Ago. Acres. 

•170 

Coniferous woods 


( 1 — 30 yrs. 1'107 
. - 80—60 0-262 

^ over 60 0-854 

/ 


Mixed coniferous and broad-leaved 1 

forest 

• 

j- • . 0-464 


(d) Ijoealitg, 

Forests in plains, on account of the greater dryness of the ah, 
and frequently of the soil, suffer more than mountain-forests. 
On sunny aspects fires spread much more rapidly than on cool 
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nol'tlierly slopes. A dry snndy soil increases the danger. Firo 
burns more slou’ly down-hill than up-hill, and the more so the 
steeper tho slope and the stiller the air. As a slow fire is more 
easily regulated than a fast one, in jhmns, or cultivations on 
forest clearings, where tho branches and undergrowth are 
bumed, it is bettor to burn down-hill. 

(c) Soil-Cofcrinff. 

A tall growth of heather, genista, broom, or grass, &c., 
increases the danger of fire, and so does an undergrowth of 
juniiier or of sundry conifers. A mossy covering is pre- 
judicial only in seasons of drought, and a covering of dead leaves 
or needles is usually a bad combustible, though fire in it may 
smoulder on for days. "^^Tienever much branch-wood, refuse of 
fellings and dead fallen wood lie on the ground, tho danger is 
increased. 

Above all, Scotch pine woods on heather-land with dry soil 
and soil-covoxing and combustible foliage are most exposed to 
forest fii'es. 

In India the grass, in badly stocked forests, is fi-equently 
6 — 8 feet in height, and in tho open in Assam, the flowering 
stems of reeds may attain a height of 24 feet. The fierceness 
with which a fii-e passes through tall grass during tho dxy 
season must bo seen to be believed, the sparks and flames 
sometimes crossing rivers one hundred yards broad. 

The leaves of many of tho Indian forest trees, such as the 
teak (Tcctoria grandis, L. fil.) and the Sal {Shorca robtista, 
Gaertn.) fall in March and April daring the dry season and when 
dead are very inflammable. 

(f) Density of Groiotk and Extent of Forest-Area. 

In so far as density of growth kills down heather, grass and 
other inflammable undergrowth, and provided all dead wood is 
removed in the thinnings, a densely stocked wood is less liable 
to be ignited than a thin wood with inflammable undei'growth. 
Once, however, that a dense forest is ignited, and especially if 
the fire is in tho crowns of the trees, it can generally be ex- 
tinguished only by a fall of rain, or a sufficiently nude gap in the 
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v»rnl <1 Iiv n runfl, nvrr, fifliK, itf*., or l)y parpos'lv 

or f< Itiuj: lriT<. iwnt-ot it-* putli. 

If n forest i*f lioMe to In* Iiorttid. it is It-tter to sHWivHl? it 
into ■•timll urea** liy fuirly nnuuToti- ri«I« -s »ti<I roafl<«. 

(U) .SV«t*>H. 

ust ftres in ('eDtrnl Ktirnpe tss-iir tii <lry '•jirinyr-* from Mnroli 
to Miiy when (n.st witul*: pteviiil niid the ilry ;^rrt‘s, leave.-?, nn<i 
wet'fls iitnler the trees uinl the presenri* of TittiiicroHs worktm n 
in the w'lHuls' incre.nse tlie «lntitr**r. 

I-'oreht-lires ntso oeeiir in hoi Mimiiiere, they fji'nernll 3 ' full off 
in Ainknc*' dniine the lu'tht. hnt recover force nenin nflcr 
Minrine. this heiiie line to tlie <1nily Mtrintion in the Htrineth of 
tlie wintl, «ii<l eoinethties to the iiiyhth* which may 

extitieiiiKh « tire. 

In tropieul un<1 j-enii-tropienl conntries forest-fire-? orcnr <l!iri«i: 
flio dry or hot seuvons, rnnl arc tery mre ilurinfi the inoro or 
h‘*t« proiongi'il sitininer monsoon. Thus in the ^>’orlh-^Vesl 
lliiiinhu'nti conifi'i'ons forests, there iijny he fire.s in Xovt-mher 
niul l><‘eeiijher, until miou* lins fnllen, iintl then «fr-nn from April 
till the inoiiKoon hronk.s enriy in .fitly, nfier the ineltin" of the 
snow, 

Jii the extensive tr.-il forests at the foot of the Jlinialft.va 
inountiiins, extondiii^ from the .Tiimua river to the BorelU 
river in Assniii, then* is dnnf;er from fire from i'ehrnft.ry till 
July, niid this diuigor is increased hy the fall of the dead Siil 
leaves in Alnreli and .\pril. Jn the wc.stern part of these forests 
the danger from fire is probably greatest in May and .luno, 
whilst in the eastern parts in Bengal and Assam, where spring 
rains occur, the forests are fairly safe from fire in Ma^-, owing 
to the growth of fresh grass, which is incombustible. 

d. Jicffistcr of Firett. 

Forest fires are of frequent occurrence in the heather-lands of 
Berkshire, Surrey’ and Ilimipshire. Tlioy are not uiifrcqueiit in 
Gerinnnj'in spite of tho groat care taken to prevent them, hut their 
extent and frequency’ are inconsidcrahlc when eomjjared with 
Austria, tho South of Franco, Sweden, Norway, Itussin, Greece, 
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India and North Atnevicn. In this Inst country, forest fires 
frequently extend over hundreds of square miles of forest, and 
little or no trouble is tnlicn to extinguish or prevent them. 
The most disastrous forest fires which have occurred in Germany 
during the present century are given below : — 

1800, 4th to 21st August, 5,675 acres in the Black Foi'cst 
near the Kalzenkopf in 'Wiirttemborg. 

1857, 28th to 80th August, 8,300 acres near Konigsbriich in 
"W. Prussia. 

1880, Ist to 3rd May, 3,250 acres on the Liineburg heath. 

There were on the average, between 1860 and 1880, 29 forest 
fires annually in the Prussian State forests, extending over au 
area of 1,33a acres. lu Austria, in December, 1872, the whole 
line of the Carpathians in Hungary was burned, extending for 24 
miles from Kakova. 

In Franco, between 1865 and 1870, about 25,000 acres of 
clustcr-pino forest was burned in Gascony, and a large area was 
burned in 1893, including 1,200 acres near Ai-cnchon in tho 
forest de la Teste. The worst districts in France, however, for 
forest fires are the Di'partemcnts of the Manres ond Estcrel, 
north of Marseilles, where large areas of forest, chiefly consist- 
ing of Quercits Ile.v, L. and Pinus halepensis, ^lill. are burned 
every year, and a special law has been enacted for their protection 
from fii'o. 

Extensive forest fires occur every year in Bussia. In Canada, 
in 1868, it was estimated that 400,000,000 dollars worth of 
standing timber was destroyed by fire. 

The forest fires in September, 1881, and again in 1894 in the 
States Minnesota, ‘Wisconsin and ^Michigan of the United States 
of North America were of enormous extent, hundreds of human 
beings being burned with their houses and cattle. Statistics 
are wanting to give somo idea of the enormous annual 
destruction of forests in N. America by fire, and especially of the 
pitch pine {Pinus australis, Michaux) which jdelds the best 
coniferous timber IcnouTi in tho whole world. 

Protection fi'om fire of the State forests in British India has 
been seriously undertaken during the last thirty j’cars, and 
measures with this object in view are carried out on a largo scale 
and at considerable cost to tho State. Thus, in 1891 — 92, 
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mcasui'cs were taken to protect from lire 27,938 square miles of 
State forest, which wore successful in the case of 24,046 square 
miles, whilst 8,892 square miles wore burned. This gives 14% 
of failure, showing how difiicnlt it is to protect forests from fire 
in hot countries. The cost of protection averaged 10 rupees a 
square mile, or at 1«. 2d. per rupee 11s. 6d., being as low as 
2«. 4d, in the Bombay Presidency. Besides the above, there are 
81,805 square miles of State forest, in which cither the forest is 
of such a character ns to demand no special protective measures 
against fire, or its protection has not yet been undertaken. 

Professor Wallace,’* in his book on Indian Agriculture, 
states *' i/iat jienodianl forest fires cause a natural j)ro- 
cess of health]/ retardation, cleaning and thinning, under 
tohich the magnificent forests of India have been nursed and 
reared;” this and many other of Wallace’s statements regarding 
forestry arc quite ciToneous, and show complete ignorance of the 
lamentably crippled state to which the extensive sal, teak and 
other valuable Indian forests have been reduced by the annual 
fires, and of the wonderful manner in which they are recovering, 
wherever the absence of forest fires renders natural regeneration 
possible. 

5. Proteetirc Measures. 

From what has been already said, it is clear that for Central 
Europe, protective measures against fire have chiefly to bo 
carried out in coniferous forests. The following rules will serve 
for private forests ; — 

(a) Mixture of broad-leaved species in coniferous forests, 
either by single trees, groups, or in whole compartments, or as 
protective belts round the coniferous woods. Such protection is 
specially needed along the borders and roads through Scotch 
pine forests. 

Birch, oak, beech, bla'ck poplar, and robinia are suitable 
species, and the belts should be 26 to 85 feet broad, and may be 
either High Forest or Coppice. Such belts are largely used in 
the Xiundes of Gascony to protect the cluster pine from fire, and 
should be kept free from heather, ferns, dead leaves, and under- 
wood, which are readily sold for litter. 

* India in ISST* £din'burgh| OKver und Boydj p. 303 . 
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Except ill coniferous tnountaiii forests, bolts of brond-lcaved 
trees nro prneticnlly useless in Indin, as most trees wbich retain 
their foliage during the dangerous months will only grow well in 
moist places. In Assnm, however, holts of evergreen forest 
growing in low ground on either side of watercourses frequently 
net as protective bells to the drier deciduous Sdl forest on either 
side of them. 

(h) Pire-Tmers. 

Wherever forests nro surrounded by inflammable undcrgi’owth 
such ns heather, grass, &c., fire-traces of Bufllcicut breadth 
should bo made nlong their boundaries, and internal firc-trnccs 
nro also required for nil extensivo inllnmmablo forest areas, to 
limit the extent of the damage done, in case n fire should cross 
the boundary, or break out within it. The number of internal 
fire-traces required for n forest must bo loft to local experience, 
but the forest manager should romomber that a considornblo 
area of forest is rendered unproductive when the length or 
breadth of the internal fire-traces arc excessive, and that the cost 
of protection is thus greatly enhanced, so that he will limit the 
number and breadth of the fire-traces to the minima compatible 
with efficiency. 

Eire-traccs in Europe aro broadest for coniferous forest, but 
rarely exceed 100 feet in breadth, while in India they arc 
sometimes 400 feet broad. 

■Whenever the soil-covering on the traces can be utilized for 
thatching material, litter or fodder, it should bo cut and removed. 
This may often ho done by concessioners at no cost to the owner 
of the forest, or even on payment to him of a certain sum. 

It frequently happens, however, that the soil-covering has no 
local value, and must then bo carefully burned to avoid the 
greater expense of cutting it. 

Before bm-ning fire-traces, the soil-covering is usually cut on 
guidc-lineB on either side of the trace, their breadth being about 
three feet more than the height of the covering. For greater 
safety, cross lines as broad as the guide-line are sometimes cut at 
intervals across the trace itself, so as to divide it into segments, 
each of which may bo burned separately. ' 

The guide-lines should be cut some time before the fire-tracc 



548 


PROTECTION AGAINST EOREST FIRES. 


is to bo burned, and the cut material thrown on the trace, where 
it will dry, and facilitate the burning. A broad short scythe or a 
sickle may bo used to cut the grass, heather, &c., from the guide- 
lines. 

In burning the traces, it is a golden rule to remember that 
grass and heather in the open become dry sooner than under 
cover of the forest, so that border fire-traces may be burned 
before the internal ones. In firing a trace, a still afternoon 
should be chosen and men placed on either side of it, two of 
whom fire the edges of the traces up to a cross line, if one has 
been cleared, or if not, to a sufficient distance for the other men 
to be able to beat out the return lire which runs along the groimd 
in the stubble towards the forest. The other men, armed with 
evergreen boughs, which they can use to protect their faces from 
the heat of the fire, keep back on the guide-lines, or even in the 
forest beyond them, until they see the return fire approaching 
too near the edge of the forest, when they rush forward and beat 
it out, leaving the finmes from either side to meet in the trace, 
and burn all the standing grass or heather within it. 

It should bo noted that however still the air may bo, before 
firing a trace has commenced, the ascent of hot air due to 
the fire will draw' in colder air from all sides to fill up the 
vacuum thus produced, and if the wind be blowing in the faces of 
the men on one side of a fire trace, lighting in the middle of 
the trace, as well as along its sides, will draw in the flame away 
firom the men on the dangerous side, in spite of the wind, and 
■will thus greatly facilitate their work. 

Very full details as regards the practice of burning fire-traces 
are given in Fernandez’ Indian Sylviculture, and need not bo 
repeated hero, as in Europe the work of bm*ning fire-lines is 
much simpler than in hot countries. 

In every case, ho^wever, one or two trustworthy men should 
follow the firing gang on either side of the trace, and shoulil 
carefully extinguish aU smouldering embers on the guide-lines, 
and throw all burning twigs and pieces of -n'oed from the latter 
on to the middle of the trace, so that there may be no possibility 
of the forest catching fire from the very means which are taken 
to protect it. ■: 

On hill-sides, fire-traces should run along ridges/ and they 
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coniferous woods, and all dead branches should he pruned off 
and. removed. The least that can be done is to clear the 
boundaries of all compartments of dead wood to a breadth of SO 
to 45 feet. 

(f) Along Railway-Ziines. 

Fire-traces must be kept clear of woody growth, and of dead 
leaves, heather, and other inflammable material along all railway- 
lines passing through forests. Most forest fires due to sparks 
from locomotives break out within 80 feet of a railway-line, but 
to render the fire-traces quite effective, they should be 60 feet 
broad. The French law regarding forest-fires in the Maures and 
Esterel, makes such fire-traces compulsory along all railway- 
lines running through the forests of those Departements. 

(g) Roads and Rides in the Forest. 

The net-work of forest roads and rides may afford considerable 
assistance against fires. In order to protect the forest on either 
side of roads from any risk of fire from sparks from pipes, &c., 
of travellers, or cartmen, all inflammable undergrowth and dead 
leaves should be cleared from the roads, and from a strip 10 to 
15 feet broad on either side of them. 

Some of the rides may be cleared as fire-traces, and where the 
prevalent winds are from the west, it is better that rides to be 
cleared as fire-traces should be at an angle of about 76° to the 
wind direction, as it is easier to burn them, and they afford a 
broader barrier to a fire coming from the vrest than if they were 
simply at right angles to the direction of the wind. 

Besides roads and i-ides, watercourses often form effective fire- 
traces when the undergrowth is cleared away and buimed on only 
one side of the watercourse at a time, but crossing the water- 
course at its bends, so as to form a uniformly broad trace. 

(h) Sijse of TForking Sections . . 

Where forest fires are to be feared, the working-sections 
should be comparatively small, so that there may not be 
extensive tracts of young woods, in which the danger from fire is 
greatest over large areas. 
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(i) Clearance of Felling-At’eas. 

The felling-areas should he rapidly cleared of all refuse, aud 
the produce of the thinnings also rpmoved quickly, especially in 
the case of faggots from coniferous trees. 

"When workmen sleep on the felling-areas, great care must 
he taken as regards smoking, and fires should he allowed 
only inside their huts, which should he surrounded by hi’oad 
fire-traces, as the wind might othermse blow sparks into the 
forest. In parts of Northern India during the hot dry months 
of May and June, it has been customary to suspend all timber 
works owing to the risk of fire from the w'oodmen and carters, 
but these men can easily be taught to guard the forest from fire, 
and it is doubtful whether this restriction is necessai-y. 

(j) Other Measures of Protection. 

Eegulations restricting fires and smoking in forests in diy 
seasons, and also regarding the use of fire-arms, should be 
made by the State. The most complete State-regulations 
regarding forest fires are those enacted in 1893 by the French 
Legislature. Somewhat similar rules are enforced in British 
India, except as regards railways, but they apply only to certain 
State forests. The private forest-manager must see that all 
State regulations regarding forest fires are observed, and should 
instruct the workmen engaged in occupations endangering' 
the forest, such ns charcoal or lime-burning, what protective 
measures they must adopt, and should see that his instructions 
are followed. 

During the dangerous season, the forest guards must be 
constantly on the watch against fires, as well as the fire-patrols, 
if it has been found necessary to engage additional men. 
All contraventions of the State regulations regarding forest fires 
should bo at once reported to the police, or to a magistrate. 

In order to prevent intentional firing of a forest, no privileges 
to cut grass, or to graze, should bo conceded on an area which 
has been burned. 

Difficulties arise in India with sportsmen, when from fear 
of fii’es the forests are closed to shooting during a season 
which would be otherwise open. Special permission is some- 
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times giren bj G-orornment to forest officers to open the forest 
temporarily to shooting after a heavy shower of rain, during the 
dry season, or in order to shoot tigers, or other deBtructive 
beasts. The shelter afforded to game or noxious animals by 
high grass near villages may become a great nuisance to 
the villagers, and the forest officer should not carry the 
practice of protection from fire too far in such cases, and it 
may even be advisable to burn off worthless tracts of scrub forest 
or grass-land for pasturage, so as to keep public opinion on the 
side of the forester. On the other hand. State forest officers 
have freq^uently direct power to arrest offenders, and to call on 
all forest right-holders and workmen to assist in extinguishing a 
fire, and in certain cases, privileges and rights to forest produce 
may be temporarily suspended by the Government, in cases of 
wilful firing of a forest by villagers, or their refusing assistance 
when once a fire has broken out. 

In Belgium, there are so many small private forests that 
insurance against damage to forests by fire can bo effected at 
reasonable rates.* 

6. Mules for Extinguishing Forest Fires. 

(a) General Mules. 

If a fire should break out in a forest, the manager must call on 
all available labourers from the nearest villages, as well as the forest 
workmen, to hurry to the site of the fire, and carry out the 
necessary measures for extinguishing it. The workmen should 
bring bill-hooks, hoes, iron-rakes, and axes, and provide them- 
selves with saplings or branches to beat out the fire. The chief 
object should be to' limit the progress of the fire at the smallest 
possible sacrifice of still unburnt woods. This is best done by 
attacking the fire on both sides nearly parallel to the direction 
of the wind, and gradually beating it out in the shape of a 
wedge. The burned area must be abandoned to the fiameS. 
The result depends on the presence 'of mind, courage, energy, 
decision of character, and practical directions of the head 
forester present, and on the obedience, zeal and skill of the men. 
The chief forester present must be thoroughly acquainted with 

* 60 centimes per 1,000 francs for broad-leaved vroods. 

6 francs „ ,, „ conifers under 20 years. 

® It ft ft ft over „ 
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the locality, as it may he necessary to sacrifice an area of 
unburned forest by counterfiring. In order to detect at once 
any fires arising from sparks which may cross fire-traces, men 
must he posted at nil threatened points around the actual fire. 
As it may take several days to extinguish an extensive forest 
fire, arrangements may be required to work the available labour 
fo’rce by relays, and to supply the men at work with food and drink. 

In countries like India, where forest fires are common, 
wherever the villagers willingly come forward to help in extin- 
guishing fires, concessions may be made to them of dead 
firewood or thatching grass, and in case of the fire burning the 
houses of a village, situated near the forest, the manager should 
be ready to help with building and thatching material, either 
free or at cheap rates. 

In such localities more than half the battle against forest fires 
is won, when the protection of the forest from fire meets with 
sympathy from the neighbouring villagers. 

In France and Germany, it is usual to call out the soldiers of 
a regiment quartered near the forest to assist in extinguishing 
extensive forest fires. 

(b) Against Ground Fires. 

The burning area must be isolated by digging trenches, which 
must be deep enough to prevent the fire from finding its way 
below them. "Water should be poured on the burning turf, or 
soil from the trenches heaped on to it. 

(c) Against Surface Fires, 

The fire should be beaten out with green branches as already 
explained. "Wherever there is a dense undergrowth, as in the 
case of heather, it is better to beat down the fire vertically, but 
where the soil-covering is low, the bi’anches should be used 
backwarks and forwards like brooms to sweep it out. 

At the spot whei’e the fire commenced, workmen should clear 
away a strip of the soil-covering in order to isolate the fire. 
Iron rakes, fig. 255, of a special kind can be used for this pur- 
pose mth advantage, and unburned litter may thus be drawn by 
the teeth of the rakes towards the workmen, or burning litter 
be pushed away by using the rake reversed. 


p p 2 
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must be felled, after clearing away the undergrowth and soil- 
covering all round it, and the fire sbonld then bo extinguished 
with water or soil. 

7. Watching the Site of the Fire. 

In order to guard against a fresh outbreak of a forest fire, its 
site should bo carefully watched by trustworthy persons until all 
further danger is over. This may not be the case in a coniferous 
forest, where the soil is deeply covered with dead needles, for a 
week or more after the fire has been extinguished, unless rain 
falls. The manager should go completely round the burned 
area and see that it is properly isolated from the surrounding 
forest by clearings of the soil-covering and trenches. All burning 
pieces of fallen wood on the site of the fire should be covered 
with earth, and wherever any fire reappears, it should be at 
once beaten out. 

8. Treatment of Woods Injured by Fire. 

The treatment of burned woods depends on their age, the 
extent of the fire and the amount of injury done to the trees. 

Burned young coniferous woods should almost always 
be dug up and the area at once restocked. Occasionally young 
Scotch pines may put out fresh needles and recover. Older 
woods with uninjured ciwvns and A\ith merely their bark singed 
may be left standing. If, however, the bast and sapwood 
should be seriously aifcctcd, it will be necessary to fell the 
trees, and especially if it is subsequently found that they have 
been attacked by beetles, as for instance, Hylnrgus phtiperda, 
L., which will breed in the summer in pine woods which have 
been burned in the spring, and proceed in the autumn to thin 
out the crowns of all the trees around the site of the fire. 
Where this is to be feared, it is better to fell all trees likely 
to be BO weakened by the fire as to encourage the breeding of 
these destructive insects. 

We should not, however, be very ready to fell broad-leaved 
trees, as oak-woods, for instance, sometimes recover after being 
burned, especially the dominating trees, but beech are more 
susceptible to damage by fire. It is better in doubtful cases to 



556 


PI50TECTI0N AGAINST LIGHTNING. 


await the next season of vegetation before deciding what is to be 
done. Young broad-leaved woods may bo cut back if seriously 
injured, but even this operation may be put off till the ensuing 
spring ns it may then prove unnecessary. 

Section II. — ^Effects of Lightning on Tubes. 

1. Mode of Strihing. 

When lightning strikes a tree, the wet enmbium-zone con- 
ducts the electrical discharge, and the contained water is suddenly 
converted into vapour. The expansion thus caused strips off 
the bark nt the points of least resistance, and if the bark be 
smooth and thin, large pieces of it may be removed. The wood 
may also be split from the top of the tree downwards, the 
lightning entering at the fine twigs on the top of the tree and ' 
running down the stem straight or spirally according to' the 
direction of the fibres. 

, 2. Damage done. 

(a) General Account. 

The effects of lightning on a tree are very vaiious ; if the 
tree be split, the bark is usually removed only in a naiTOW 
strip on either side of the tree, othei'U’ise occasionally in large 
fiakes. Even in the former case the tree generally dies, it may 
be after a few years. 

In other cases, pieces of wood are split off the stem, of all 
sizes up to several yards in length. The lightning has even 
been known to enter a tree horizontally and then strike down 
through its axis as shewn in fig. 256. Sometimes large arms of ' 
a ti*ee, or its whole crown, have been broken off by lightning. 
As a rule, the lightning runs down the tree into the ground, but 
in 3% of the cases observed it passed off to other trees before . 
doing so. 

‘The cambium, wood, and pith of a tree struck by lightning 
become discoloured, and often the topmost leaves turn brown, 
those below remaining gi’een ; the wood becomes soft and weak. 

Wood- and bark-beetles, sawflies and fungi speedily attack 
the injured tree, which shotild therefore be felled as soon as 
possible. 
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When an unsound tree is struck by lightning it is sometimes set 
on lire, and the fire may then spread to the surrounding forest. 

It has also been repeatedly observed that sometimes a whole 
group of trees may die from the effects of lightning, the marks 
of which may only be visible on one of the trees. This takes 
place some time after the occurrence, and leaves an ugly gap in 
a fine wood. This has been observed only in woods of spruce, 


Fio. 256. 
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silver-fir, Scotch pine and larch, and is probably due to the 
badly conducting nature of the soil, after a tree has been 
struck. 

(b) According to Species. • 

All species of trees are liable to be struck by lightning, but oaks 
and other species with deep roots appear to bo most liable to this 
danger, perhaps on account of their roots forming better conduc- 
tors to the moist subsoil than those of shallow-rooted species. 

According to the valuable observations made annually since 
1874 in the forests of Lippe-Detmold* the Scotch pine suffers 
most frequently after the oak, then the spruce and beech. The 
birch, poplar, ash, alder, and larch only suffer exceptionally. 

*' Ztsclirft. fr. Fist. n. Jgdw., 1879 — 1889, 
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Other observations by Collodon,*^ Helbnann,+ Cobn, and Cns- 
pory give somewhat difTerent results. 


Thus Hellmann, considering 
lightning as 1, gives — 

Conifers . . . " . 

Oaks . . . . 

Other broad-leaved trees . 
Cohn — Oaks ... 

Poplars . . . . 

Caspary — Oaks . . . . 

Poplars • 


danger for the beech from 

16 

54 

40 

14 ■) out of 40 trees 
12 J struck. 

16 ) out of 93 trees 
34 ) struck. 


According to GoUodon, near the Lake of Geneva poplars 
rarely suffer from lightning. 

In the Revtic dcs Emtx ct ForSts,t the results are given of 
15 years’ experience in a forest .composed as follows : — 



Oak. Beech. 

Spruce. Pine. Others. 

Per-centage of trees . 

11 

70 

13 6 — 

Trees struck by lightning . 

169 

21 

20 69 20 

Belative frequency 

48 

1 

6 33 — 

This agrees with the results 

obtained in 

Detmold, except as 


regards the beech. 

On the whole, from these observations it is evident that local 
cu'cumstances such as dampness of soil, density of growth, 
healthy or unhealthy condition of tree, affect the question whether 
one species will be more liable to attack than another in any 
particular locality. 

Some experiments as regards the conductivity of electricity 
by wood have been recently made by Janesco Dimitric of the 
Wurttemburg Society of Natural Science. In these Holz’s 
electric machine was used. 

1 turn passed the spark through oalnvood. 

12 to 20 turns through beech. 

5 turns through poplars and willows. 

The use of heartwood or sapwood and state of dryness of the 
wood made no difference in the results, but the richness of beech 
in oil prevents its being a good conductor. 

* Allg. Prst. n. Jj;dztg., 1876, p. 440. 

“h FTBtl. BIttm., iSSS, p. 26. • 

Febraaiy, 1894, p. 78. 



DAMAGE DONE. 


559 


After the oil had been extracted from beech-wood, it became 
as good a conductor as oak. 

Pine is rich in oil in winter, but not in summer, when it be- 
comes a good conductor of electricity. 

It is evident that more observations must be made as regards 
the comparative frequency with which trees of different species 
are struck by lightning, before any certainty can be arrived at. 

it is probable that when sound well-conducting trees gi’owing 
on damp soil are struck, the lightning passes rapidly down 
to the earth without causing much breakage, but that when 
rotten wood is met with, which is a bad conductor, the crown or 
branches may be broken, or even the tree set on fire. 

(c) Locality. 

Damp soils conduct electricity well, but in dry places when 
the lightning has reached the ground, it may spread firom root 
to root of neighbouring trees and cause them to die in 
groups. 

The relative frequency with which trees are struck on different 
soils in Lippe-Detmold is given below : — 


Calcai’eous soil. . . . 1 

Keuper marl .... 3 

Clay 7 

Sandy soil .... 14 

Loam 88 


This may explain the greater danger to trees from lightnin g 
in North Germany as compared with South Germany and 
Austria. 

Trees are said to be more frequently struck by lightning in 
badly-wooded plains, than in well-wooded mountain districts. 

It is supposed that dense forests act as conductor and allow 
electricity to pass gradually from the eai’th to the clouds, whilst 
clearing the land of forests increases the heat of summer and 
hinders the neutralization of the electricity of the clouds. 

• (d) Density of Crop and Condition of Trees. 

Lightning, according to Hess, stiikes in preference trees 
standing free from their neighbours, those in avenues and on 
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tbo border of n wood nnd also trees dommntmg over tbc rest of 
n wood. 

Sound trees nre luoro frequently injured tban unsound trees, 
but drj' trees may bo struck, and stag-beaded oaks arc frequently 
smashed to pieces by lightning. Thus, a positively electrified 
cloud induces the scjinration of the electricity in a tree, driving 
the positive electricity into its roots nnd the earth, whilst the 
tree becomes charged uith negative electricity. The strength of 
this charge becomes weakened by gi’ndunl discharge into the 
atmosphere from the numerous twigs and leaves in the crown of 
a "ingorous tree. On the contrary, a tree with many dry 
branches and Ecanty’ foliage becomes thoroughly charged with 
negative electricity, nnd when struck by lightning receives a 
more violent shock than a sound tree. 

(e) Season. 

In Central nnd Western Europe the most frequent thunder- 
storms are in Juno nnd July, bctw'ccn 8 nnd 5 p.m., or 1 and 2 
n.m. These storms usually pass from S.W. to N.E. or from 
W. to E. 

In tho case of heavy rain before the lightning-stroke, the 
trees become better conductors, and are more liable to be struck. 

8. Register of Damage hg Lightning. 

Tho frequency of thunder-storms in Central Europe decreases 
ns tho latitude increases and in proximity to the Atlantic 
Ocean, ns tho following average figures show ; — 


Nnmo of Country. 

Ko. of Tliundcr-stonns 
per annnin. 

Italy ...... 

. 88 

Austiia ..... 

. 23 

Hungary, Baden, Wurttemberg . 

. 22 

Silesia, Bavaria, and Belgium '. 

- 21 

Holland ..... 

. 18 

Saxony and Brandenburg . 

. 17 

Erance and South Bussia . 

. 16 

Spain and Portugal 

. 15 

Schleswig-Holstein, Mcclilenburg, Hannover, 

West Prussia .... 

. 13 
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'So, of Thnnder-Etotins 

Eiuno of Country. per annum. 

North Enssia .9 

Sweden and Finland 8 

England and Switzerland .... 7 

Norway 4 

There has been no increase of late years in the number 
of thunder-storms in Germany, Austria and Switzerland, 
but in most other European countries their frequency has 
increased almost three-fold, and this is considered to be due 
to increase of railways, metallic roofs and pipes for gas, water, 
&c., inside houses. 

Some interesting facts regarding trees killed by lightning are 
given below. 

1848 (early in July) : 52 Scotch pines about 125 years old 
were killed by lightning at Sprillgehorge in Hannover, only one 
of them being directly struck. 

1865 (spring) : 70 sixty-year-old spruce trees, only one of 
which was struck, were killed by lightning in the Harz Moun- 
tains. 

1868 (11th May) : A green spruce tree struck and burned in 
Kothenwald in Reuss. 

1876 (17th July) : After a long drought, a dried-up moor 
stocked with a thicket of ll-yeor-old Scotch pines and spruce 
was .fired by lightning at Aurich near Neuenwald. 

1887 (summer) ; Two lightning strokes about 70 feet apart 
killed all the trees on about -^th of an acre stocked with Scotch 
pine and a few beech near Neustadt. 

1887 (15th July) : 72 large spruce trees were killed by one 
stroke of lightning at Briiokenberg. It was clearly seen fi:om 
marks on the branches that the lightning had passed from tree 
to tree. 
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PKOTECTIOX AGAINST CURTAIN DISEASES OF FOREST TREES 


CHAPTER I. 

aEN’ERAI. ACCOUNT.* 

1. Definition. 

A FOUEST plant is said to bo diseased Vflien owing to disturb- 
ances in tbo functions of its organs and of the chemical or 
physical processes going on within thorn, it assnmes such a con- 
dition that it is hindered Aom further useful development and 
may consequently die, cither whollj' or in part. Discaso there- 
fore causes blanks in woods of all ages, and also loss of wood- 
increment and consequent reduction in their value. 

2. Canses of Disease. 

jSIany different causes of disease in forest trees may occurj for 
instance, old ago, injuries by men and animals, or by atmos- 
pheric agencies; also owing to certain local circumstances, 
such as soils too poor in the chemical compounds which are 
necessary for plant-life, soils too dry or very wet, insufficiently 
porous, &;c. '■ 

Although much progress has been made during the last twenty 
years in the study of the diseases of forest trees, a wide field is' 
still open for discovery in this respect. 

8. ClassificatioTi of Diseases. 

The diseases of forest plants may be grouped according to 

, * A cnpitnl account of the conditions of environment which encourage disease 
in a plant is given in the Piocccdings of the Eoyl. Soc., vol. 47, " The Ctooninn 
Lecture,’’ by H. 3Iarsha11 Ward. 
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their origin, the nature of the organs which are attacked, the 
progress of the disease and its importance in forest^. These 
four headings have been considered in the following list : 

' 1. Diseases oiising from physical agency (frost crack, bark 
blister, &o.) and those from p/tysioiopicaZ causes, such as red 
and white-rot. 

2. Local diseases, such as of the roots, or of the stem, bark, 
buds,' leaves or shoots, or of the inflorescence and fruits of the 
trees. 

3. Acute, or rapidly developing diseases, or chronic diseases 
which develop slowly. 

4. Diseases which merely cause loss of increment, and others 
which affect the technical value of the wood, the latter consisting 
either in an abnormal growth of otherwise healthy, woody tissue, 
such as burrs, twisted fibre," &c.‘, or in an unhealthy state of the 
tissues, as in red or white-rot. 

• The worst kinds of damage to forest plants by men, 
animals, plants, and atmospheric agencies have been already 
dealt with in the preceding chapters of this book. For the study 
of abnormal growth in healthy wood-tissues, the reader is re- 
ferred to treatises on Forest Utilization. In the following pages 
certain diseased conditions will be described which could not 
well be classified under any of the foregoing heads and are 
limited to the following ; — red-rot, white-rot, stag-headedness, 
abnormal needle-shedding, and damage by factory-smoke. 
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CHAPTER II. 


IlED-nOT.* 


1. Dcscriptio7u 

Red-eot IB a decomposition of ■wood, by which itp elementary 
organs are gradually detached from one another and it becomes 


Fio. 257. 




Section of a sprnco Buircring from rod-rot. a, Sonnd -nood. 6. DiBcolourcd wood 
nLcro decoy lia^ commenced, e. iiotfen wood. 

eventuallj' converted into a loose-textured mass, at first reddish- 
brown ond passing through a dark brown condition into a pcatj^ 
substance resembling humus. Frequently whitish mycelia may 
be noticed traversing the wood longitndinall}’. 

Red-rot occurs, according to its position, as root, stump, stem, 
or branch-rot. A transverse section through the rotting wood 

* 'Willkomm, Dr. Moritr, Dio Xlikropisclien Feinde des ‘Wnldes. Dresden, 
1S66, pp. 31 and 219. Hat tig, Dr. R., Dio Rotfaulc dcr Fichte. Monafschrift fr. 
das Foist und Jagdwesen, 1877, p. 97, an oxccllcnt and comprehensive woik. 


RED-ROT. 


565 


shows a great variety in the phenomena and course of this 
disease, often in the same tree. Either certain annual zones, or 
groups of annual zones of wood between the heart and sapwood 
are attacked,** or the disease occurs in patches, or attacks 
merely the central zones of the tree or branch. The sap- 
wood is never attacked by red-rot. The rotten wood may eventu- 
ally bo completely decomposed, when it disappears, leaving a 
hollow cylinder, in place of the heart wood, and this frequently 
without involving the death of the tree. Sometimes the inner- 
most portion of the stem remains, forming a thin columnal, 
hard strand of wood united with the sapwood hero and there by 
similar strands where branches have boon enclosed in the wood. 

The commencement of the disease may bo recognized by a 
light violet or reddish colour of the wood, and by the porous 
spring zones being attacked before the harder autumn zones. 

2. Modifying Factors. 

(a) Specks. 

Kod-rot occurs in almost every species of forest tree. 
Among broad-leaved species, oaks and elms suffor most, and 
among conifers, the spruce and Scotch pine. The disease 
usually commences at the roots of spruce trees. 

Hoot-rot usually spreads upwards through the heart-wood to 
the branches. It may, however, on the contrary, gradually 
descend from the branches through the stem to the roots. 

(b) Age of Tree. 

Red-rot is a normal condition of very old trees, but a disease 
in the case of young trees. It has been observed in the spruce 
from the age of ton years and npwai’ds. 

(c) Locality. 

Wood may become rotten in all kinds of localities, but certain 
conditions of the soil predispose trees to this disease, such 
are:-^Soils very rich in humus, calcareous soils, soils very 
compact or wet and cold, such as clays and peats which are not 
properly aerated, or where an impermeable substratum occurs 

* Termed Mondring in Gorman and lunure in French. 
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at an incousiderablo depth below the surface of the ground. 
"Wood also readily rots in places much frequented by cattle. 

(d) Treatment of Woods. 

A dense condition of a wood, especially in moist or wet localities, 
favours the evil. Tapping for turpentine, barldng by game, 
and other injuries, such as pruning living branches without 
tarring, frequently give rise to the first symptoms of red-rot in 
wood, especially w'hen the trees are growing in localities predis- 
posing them to disease. 

8. Carnes. 

Widely differing and frequently contradictory hypotheses have 
been started to explain the origin of red-rot. Usually it is 
attributed to external circumstances, such as unfavourable 
localities, injuries, &c., without further enquiry into its possible 
causes. 

The first scientific enquii-y into the cause of red-rot is found 
in the works of WiUkomm (1866), who designated a microscopic 
fungus as the sole origin of the disease. He named this fungus 
Xcncdochus liffnijJerda, and another allied form which springs 
from it, Rhynchoniyccs violaceics, which causes the bluish colour 
in rotting wood. 

The question as to the origin of red-rot was not by any means 
solved by Willkomm’s I'esearches, as he merely proved the 
presence of the above fungi in rotten wood, but did not make 
experiments to infect sound wood by means of their spores, so 
that it remained doubtful whether the fung[i were the causes or 
mei'ely the consequences of red-rot. 

Robert Hartag, in 1874, solved this question, by proving that 
red-rot in the case of spruce, Scotch pine, oaks, &o., really arose 
from infection by parasitic fungi. Xiater on, in 1877, he further 
proved that, at least for the spruce, unfavourable soils and 
external injuries also induced the disease. As we have already 
in Chapter III., Part IL, discussed the infection of trees by 
fungi, we have now only to deal with the two latter cases. 

■(a) Vnsuitalile Soils. 

The kinds of soil which induce red-rot in the 'roots of ti'ees. 
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and chiefly in their deeper-lying raots, are generally peaty humus, 
soils containing pans or impenetrable substrata of ochrous iron 
ore, lignite, clay or loam, also very fine sand, not infrequently 
found in the Lias formations in Germany. Sueh subsoils interfere 
with aeration of the surface- soil, the oxygen so necessary for the 
roots of ti’ees being unable to reach them in sufiScient quantity. 
This is duo to the fact that the air in too compact or waterlogged 
soils is gradually deprived of its oxygen by tho roots of the 
plants growing on it, and by the decomposition of tho litter, and 
this loss of oxygen is not sufficiently replaced by the admission 
of fresh air to the soil. The denser the wood, the faster the 
evil progresses ; fungi also accelerate the disease. This form of 
red-rot is more pi'evalent with larch, and sometimes with Scotch 
pine, than with spruce, as the roots of the larch, ns well as those 
of Scotch pine, penetrate more deeply into the soil, and therefore 
rot more readily than those of spruce, which spread in all direc- 
tions in the upper layers of tho soil. 

Scotch pine, however, can produce superficial roots like those 
of siwuce when grown on shallow soils, whilst experience in 
Windsor Forest shows that larch growing on a gravelly soil above 
a pan always gets red-rot, and this is confirmed by A. D. Web- 
ster,’ who states that larch always gets red -rot when grown on 
gravelly soils. 

(b) External Injuries. 

Trees arc frequently w'ounded during the felling, conversion, 
and transport of timber. Wounds also arise owing to forest 
pasture, game, mice, insects, from pruning green branches, or 
from meteoric influences, frost-crack, bark-scorching, wind or 
snow-break, hail, &c. Wherever the living tissues of the wood are 
exposed, especially where the -wounds are not clean-cut, 
moisture penetrates into them, unless they are px'otected by 
antiseiitic substances, such as a natural flow of turpentiue, or 
by tar. With tho entrance of water into the tissues, certain 
« chemical changes take place in their contents, and local disease 
may arise. Spores of fungi also peuetrate the tissues, such ns 
of species of Pohjporus in the upper parts of the tree, or of 
Agarietts mellcns, &c., in its roots. 

* Practical Fojcstry. AVilliam lUder and Son. Loudon: 2nd edition, 1S05. 
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4. Damage done. * 

Bcd>rot affects the technical Taluc of wood in proportion to 
its extent and degree of development, and to the innate value of 
the tree which is attacked. Wood affected hy red-rot cannot he 
used as timber, and is only of slight value as fuel. The worst 
form of this disease is when it attacks a tree’s roots, as it then 
goncrall}' affects the whole stem ; the least dangerous form is 
in the branches. 

It is not rare in sjn'ucc-woods 60 — 70 3 *ear 6 old to find that 
10 per cent, of the trees arc rotten, w'hilst the liability of rotten 
trees to wind and snow-break is onothcr cause of disaster. 

5. Treatment of the Disease. . 

The rules for combating red-rot depend on the cause of the 
disease. 

(a) iritcn due to Unsuitable Soils. 

Great care should he taken in planting to allot the species of 
trees to soils suitahlo for their welfare. 

Bemovc densely growing mosses and other unfavourable 
vegetation from damp mountain soils. 

Drain and work up the superficial laj’crs of compact soils. 

In wot soils which cannot he drained, plantations should be 
made on mounds or i-idgcs. 

Broad-leaved species should be intermixed with Scotch pine . 
and spruce on calcareous soils ; low rotations should he 
adopted for spruce, 60 j'oars can hardl 3 ' bo exceeded with 
safety. 

(b) When due to Injuries. 

Great care should be taken during timber-fellings and 
transport. 

Pruning of green branches should if possible be avoided, or 
restricted to branches under 4 inches in diameter ; all wounds 
made hy pruning should be smeared with tar. 

All rotten trees and stumps should be speedily removed -from 
the forest. 

All measures dictated by forest protection should be strictly 
followed in order to prevent injuries to the trees. 
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CHAPTER IV. 

STAO-HDADEDNnSS. 

1. Description and Causes. 

It has been nlrcnd 3 ’ stated that red-rot frequently attacks 
very old trees, rendering thoir stems hollow, but another sign of 
excessive old age is the death of some of the topmost branches 
of a tree, which has no longer suflicient vigour to pump water 
so far. The death of these branches causes them eventually to 
break off, and atmospheric moisture is then admitted into the 
trunk, and rot commences' and penetrates downwards towords 
the roots. Stag-headedness may, however, occur in immature 
trees, and is then due to one of the following causes ; — 

(а) When trees which have been grouping in a dense wood am 
suddenly exposed ns standards, ns in natural regeneration in 
High Forest, or after the felling of the underwood in Coppice- 
with-Standards, the surface-moisture of the soil may be reduced 
and the trees consequently become stag-headed. In some 
cases 'Such trees, and especially oaks, having comparatively soft 
bark, owing to their formerly protected state in a dense wood, 
put out numerous opicormic branches from the dormant buds 
along their stems, which absorb the sap that w'ould otherwise 
reach their crowns. This tends to cause 'stag-headedness, 
wiiich may, however, be obviated by one or two prunings of the epi- 
cormic branches, until the bark becomes too hard for them to form. 

(б) In forests of light-demanders such ns oak, larch, ash, Scotch 
pine, the soil ma^' be completely sheltered by the crop, up to a 
certain age, but after 40—60 years, the leaf-canopy ceases to be 
sufficiently close to protect the soil from the sun, which gradually 
dries it up, and thus causes stog-headedness in the trees, unless 
the soil be protected by an imderwood of shade-bearers. This 
result follows more rapidly on hot aspects, and the more 
superficial the soil, and the more porous the subjacent 'rook. 
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sncli as chalk or conrso gravel, and the less the rainfall and 
relative humiditj" of the air in the locality. 

(c) Any interruption of the leaf-canopy in forests of all kinds may 
cause deterioration of the soil and consequent stag-hendedness. 

{(I) Drainage also, by lowering the level of water in the soil of a 
forest, may deprive formerly thriving trees of sufficient moisture, 
which their roots, adapted to reach water near the surface, can 
no longer absorb in sufficient quantity. Trees thus aflected 
may become stag-headed. This happened on a large scale with 
oaks growing in the IJ’i/d Park at Cnrlsruhc, owing to the 
rectification of the course of the Bhinc, and consequent lowering 
of the water-level in the soil. A similar result followed drainage 
in "Windsor Park, with regard to some of the elms in the Long 
Walk avenue, and it is not uncommon with alder-woods, after 
drainage. Continual and excessive removal of litter from a 
forest may cause stag-lieadcdncss in immature beech forest." 
It has been noticed in certain two-storied coniferous forests in 
N. America, after the upper stage of trees had been felled, 
and the sun allowed to dry up the soil-covering, that the lower 
stage, the roots of which had spread superficially in the layer 
of dead loaves and humus, bccamo liable to stag-hendedness 
and death. 

(c) Stag-hendedness in the Scotch pine may be caused, ns 
stated on p. 391, by the fungus IWiilrrmiiim Pint, such trees 
being termed " foxy.” 

It is found that though in the ease of conifers, stng- 
hendedness is speedily followed by the death of the tree, and 
beech also speedily succumbs when similarly affected, yet that 
some other broad-leaved species, and especially oak, may 
remain stag-headed for many decades without dying, although 
the technical value of their timber rapidly deteriorates, and 
their trunks may become completely hollow. 

2. Trcaimenf, 

(a) PrevcHtire. 

(i) Maintain the soil-covei'ing of dead leaves, moss, &c., in 
order that the soil may not lose its moisture. 

* Fiirsl’s 'Wnldschiilz, Imiisktcd bv .T. Nisbet, p. 59. Edinbiirgli, 1893. 
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(ii) Keep up a dense leaf-canopy, especially 'where the soil 
is shallow and liable to dry up, and where the subjacent rock 
is of a porous nature (chalk, ginvel, &c.). 

(iii) Under-plant all High Forests of light-demanders with a 
shade-bearer, such as beech or silver-fir, as soon as grass or other 
herbage appears on the soil, and fill up -with shade-bearers any 
gaps which may have occurred in a forest owing to windfall, or 
other injurious causes. Under-planting oak forest with spruce 
may cause stag-headedness, on account of the quantity of 
moisture the spruce absorbs. 

(iv) Do not plant spruce, alder, ash or pedunculate oak in 
dry localities. The sessile oak ■will thrive on well drained hill- 
sides, where it is hopeless to plant the pedunculate oak. 

(v) Avoid draining, unless it is absolutely necessary. 

(vi) High Forest is more suitable than Goppice-with-Standards 
in diy localities and those with superficial soil, or above a 
porous rock. 

(vii) When epicormio branches appear on oaks and other 
standards in Goppice-with-Standards, or on standards left after 
regeneration in High Forest, tliey should be pruned off before 
the next spring. It may be necessary to repeat the operation, 
but after two seasons in the open, the bark of the standards 
becomes hardened and the epicormic branches do not generally 
reappear. In any case, the stems of the standards 'will bo 
gradually sheltered again by the rising underwood, which will 
effectually kill any epicormic branches still on the tree. 

A growth of epicormic branches on oak trees growing in a 
dense forest is a sign of disease, and such trees should ho 
gradually removed in the fellings, as they will certainly become 
stag-headed. ' 

(b) Remedial. 

As a rule no remedy can be adopted when forest trees become . 
stag-headed, the only measure to he followed being to fell them 
and utilize their timber before it becomes further deteriorated. 
Slightly stag-headed oruamcutal trees in parks or avenues may, 
hoAvever, be given a fresh start in life, by trenching the 
ground under tbeir crowns, breaking up any infpermeablo 
stratum under their roots, and manuring them with rich leaf- 
mould. 
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CHAPTER V. 

abnohmai. needle-shedding.’^ 

1. Descnption. 

Since tbe end of the eighteenth century, a disease termed in 
German Schiittc, has been remarked on young pines, the ex- 
ternal signs of which consist in the gradual reddish or reddish - 
hro^^'u discoloration of their one or two-year-old needles, which 
eventually die and fall off the plants. As a rule these symptoms 
appear first in the spring, hut not unfrequently also in the 
autumn and early winter, and in South Germany the latter often 
happens in j'ears when the ground is free from snow. A steel- 
blue or violet colour of the one-year-old pine-needles in autumn 
is no sign of disease, provided yellow or reddish-coloured spots 
do not also occur ; this is an instance of the normal winter- 
colour of many evergreen plants, which disappears as the ther- 
mometer rises in the spring, and gives place to the ordinaiy 
green colouring of the needles. The reddish discolouration and 
death of the needles proceeds from their tips downwards, and 
chiefly affects the lower parts of the plant near the ground. 
Pines thus affected resemble those injured by drought, but at the 
commencement of the disease, more or less regularly distributed 
dark spots and stripes appear, and later, in May, small black 
sporangia of the fungus Hysterium Pinastri, Schrad.t Also 
resin collects on the sickly needles. The worst form of the 
disease may be recognized when the buds become encrusted with 
resin and dry-up, and then no recovery is possible far the 
diseased plants. 

* Ereiheir von Lofielholz, Beitrag z« ciner kritischen Nachweisnug Uber 
(lie 'ScbiittC;krankhBit der Kiefer. Berlin, 18C5. Holzner, Dr. Georg, Die 
Bcobaclitungcn iiber die Schuttc der Kielcr and die Wintorfiirhung immergruner 
Gen-iicbse. Preising, 1877. 

t See p. 407. 
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2 . MoiViftihuj Farfnrs. 

(fi) SiiPncs. 

The Scotch pine suft’ers mosi from this iliRonsc ; niso the Mack, 
duster niul mountain pines, nncl even exotic pines, hut the disease 
docs not Jippcar to have hoen ns j'cb ohsm’cd in the case of tlic 
Wcvmoulh i>ine. 

(b) Age n/Platifn. 

Two-year-old plants suffer most from this disease, hut three 
to four-year-old plants may also he attacked, though the danger 
hecoinos less every year. In j'onrs when the disease is very 
prcvalonl, rveakly plants may suffer up to the age of fifteen 
years, Imt only up to about six feet from the ground. 

(c) iMCttlii}!. 

Pines gi'owing in nil kinds of localities are subject to this 
disease, hut it is chictly prevalent in damp or Avet places exposed 
to frequent fogs. Thus valleys and plains suffer more than hills 
and mountains, whore the shoav protects the plants during winter. 
In deiirossions and in cold TaIlo3's, tlic disease is often A'ory 
dostractivo. As regards aspect, southcru and •western slopes are 
most endangered, eastern slopes also suffer, but northern slopes 
either not at nil or onlj* exceptionally. 

The soil appears to haA'e sonic iuthioncc on the disease, but 
its effects have not yet been clearly explained. Slcin'^ states 
that Scotch pine snffers most on pure sundj’ soils, but after all 
it is on such soils that most iiidigcnons Scotch pine-woods are 
found. Von Loffelholsi has observed that plants suffer less on 
thoroughl}' cultivated soil than when tho land has not been 
previously broken up, and this may be due to the better root- ’ 
systems and superior hardiness of tho plants in snch eases. It 
also appears that on peaty soil, needle-shedding is little to be 
feared, which fact may bo duo rather to the treatment of the 
pine-forests on such localities than to tlio nature of the soil. 
Emmerling if states that sowings of one-j'ear-old pines in the 

Dr. r. Stoin. TJinrandtcr Jalirliucli, vol. jili., 1852, 

pp. 208 — 225. > w » 

t Tho sntnc, p. 41. 

i UntersiKhung abor dio Urs.'icbc dor Kiprcrnschbttc in ScliIcsn-ig*Holstriii, 
von JJr. A. iauncriing und Dr. G. Logoi. Allg. Frat. u. Jgdztg. 1882, i>. 13!!. 
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North German heather-land suffer severely every year from 
needle-shedding, whilst those on the more favourahle, sandy 
loam are not affected hy it. 

It is clear that no very useful conclusions can he drawn from 
the above observations. 

(d) Soil-covmng. 

It is not yet decided what influence the nature of the soil- 
covering has on the disease, though it may be laid down as a 
general rule that ground covered with grass or weeds is less 
liable to it than bare localities, but the favourable influence of 
the soil- covering may be counterbalanced by other causes. 

(e) System of Management. 

Under a shelter-wood, the young pines may entirely escape 
the disease, or suffer only slightly, and lateral shelter from old 
pine-woods acts favourably by reducing insolation and radiation of 
heat from the ground. On large clearings, pines are almost 
always subject to needle-shedding. Areas densely sown late in 
the year suffer most of all, when the individual plants have very 
small root- systems and thin elongated stems. 


(f) WeatJicr. 

The disease is most frequent in March, April and May, and a 
wide range of temperature, such as w'arm sunny days and cold 
nights with lime, favours it. Gold, dry easterly or north- 
easterty winds increase the evil. During cloudy, rainy weather 
in spring, the disease may not appear at all, or only slightly. It 
is also more frequent after damp rvinters with light snowfall 
than after the ground has been well covered with snow. 


3. Geographical Range. 

The disease occurs wherever the Scotch pine is cultivated but 
IS less common in colder countries, such as Russia. It is not 
prevalent in the British Isles. In Germany it appears to be 
connected- with the ei^tension of clear-cutting and planting 
which, since the end of the eighteenth century, has so largely 
replaced the system of natural regeneration of the Scotch pine. 
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In the damp, cold years 1850 to 1852 it was widespread and 
very destructive in North Germany, and again in 1881 to 1884. 
Pine-plants which have once suhered from it are liable to be 
again attacked, as they are greatly weakened bj' the disease. 

4. Causes. 

(a) Introductory. 

Numerous and contradictory reasons have been given for 
the needle-shedding disease as quoted by both Von Loflfel- 
holz and Holzner. The nature of the soil, the state of the wca- , 
ther, and combinations of these have been cited. Some think 
that Hysterium Pinastri is the sole cause of the evil, whilst 
others hold it to be due to a more rapid transpiration of water 
by the needles than the roots of tho plants can supply. It is 
therefore probable that we have here to deal with many causes 
acting in combination, one with another, but these may be 
reduced to the three following : — 

Pine-scab, Hysterium Phiastri, Schrad. 

Frost, and especially eai'ly frosts in autumn. 

Insufficient absorption of water to supply that transpired by 
the plants. ' 

It is difficult to distinguish these causes from one another, as 
the pine-scab is always present, though frequently it may be 
only secondary. 

(b) Pine-scab. 

The uecessaiy account of this disease has been given 
above on p. 407. Hartig,* Prantl, and Tursley have sup- 
ported the fungus theory, but many phenomena appear which 
contradict it, for example, firom the disease beginning at 
the points of the needles, and the lower jiarts of plants 
suffering most, and above all from the fact that the disease fre- 
quently appears in a single night, and is much commoner in 
broadcast-sowings than in natural regeneration-areas. Hess has 
frequently observed the needles to have been attacked in every 
plant on a nursery-bed, after one night’s hoar-frost succeeded 
by a sunny day, and this altogether excludes the action of the 

* Hartig, Lelirbiicli der Btiiunkmiitlieiteii. 2nd edition.' 'Berlin, 1889, 
p. 103. , 
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piuo-Bcab ns cause of the disease. Moreover, infection by tbc 
scab, ^Ybicb is favoured by bent and damp, would bo easier under 
a sbclicr-wood than iu the open, which is not the case. The 
Jlysirrhim is, however, widely spread as a saprophyte on dead 
needles of pines, as well as on those of the spruce and juniper. 

(c) Frost. 

G. Alers' and Nordlingcrf have proved that the disease is 
frequently due to refrigeration of the plants on unproteoled 
soil free from snow hy radiation from the soil-covering, and 
this opinion has been adopted by most practical men. Generally 
autumnal frost is the cause, and early frost is not injurious, 
except when there is a great dilferenco between the night- 
aiid day-temperatures. The fact that on older plants only 
the lower branches lose their needles, points to frost ns the 
cause. 

Kocdlo-shedding duo to frost is common after wot, cold 
smnincr.s, during which the young shoots of the plants have not 
been properly lignified. Only late frosts can nccountfor the needles 
turning red in the spring, but cxpcricuco has shown that they 
me not nearly so destructive ns early frosts. Tho fact that 
needle-shedding is so prevalent on clearings, in depressions and 
valleys, and on uncovered ground where there is no obstacle to 
radiation, renders it probable that in many eases frost is the 
cause of the disease. 

(d) Drying-iip of Xccdlcs. 

Tho diying-np theory of the origin of the needle- shedding 
disease was fust published by Ebcrmnyer.J who, during tho 
progress of bis observations of soil-temperatures in the Bavarian 
Forest meteorological stations, was led to adopt this view 
of the matter. His theory is, shortly, as follows : — Tho young 
Scotch pine-plants, owing to tho frequently high atmos- 
pheric temperature in March and April (66° to 77° Fahr. 
in tho shade), are on sunny days compelled to transpire freely. 

* Alors,_Centrlbl. fr, dns gcs. Frslw., 1878, i>. 1S2 ; 1893, p. 81. Also 1880. 
V 16G; 1882, p. 159 ; 1883, ji. 2.59. ’ ‘ ' 

t NbrdltugM. Kiit. Blttr. Ir. Fist. u. Jgilw., vol. xlvi., 1863, p. 185. 

$ Dio Plijsikalisclicn Kiiiwiikmigen ties Waldos in dor AblmndlmiB. Thm- 
Frsfl. Jlu-bcli., vol. xxxiv., 1884, ji. 168. 
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Tho loss of wntcr by trnnspirntion cnnnot bo tborongbl}’ rcplnccd, 
ns tho notion of tbc roots is restricted by the cold soil, tbc 
temporntnre of wbicli ninj’ bo oijl 3 ’ 40“ Pabr., or loss, dovrn to 
a depth of 9*1 feet. ITonco the little plniits ■vvilt and the needles 
diy-np and die. This is not duo, ns in diy suminci-s, to tbc 
nbscncc of moisture in tbc soil, but to tbc innbilit}' of the roots 
to absorb water in the cold ground, nnd therefore an abnormal 
drying-up of the needle ensues. 

This tlieorv will not explain needlo-sbodding in autumn, when 
the soil is warmer than the air, but when the needles are shed 
in the spring, it is in complete accordance with the observations 
recorded on pp. .'>74-0, under the headings locality nnd weather. 
Sandy soils cool down at night to loAver temperatures, under 
similar conditions, than clays, nnd wet soils become colder than 
diy soils. Insolation is greatest on bare southern aspects. 

5. Jjaiwif/e done. 

As A rule needle-shedding is not fatal to tho plants, nnd those 
which have been attacked may recover, provided their terminal 
buds arc still uninjured. Natuiully, however, tho injured plants 
languish for some time nnd arc very liable to be attacked by in- 
sects. If, however, the disease recurs, and the terminal buds 
of the plants suffer, they have no chance of recovering. 

G. Trcaimeni. 

As tho lu'opor treatment of the disease will depend on its 
origin, the present section will be divided into headings 
according ns tho disease is due to a fungus, frost or tho drying- 
up of the plants. The method of contending with the attacks 
of the fungus has been already' described on p. 407, nnd only the 
two latter causes will be dealt witli here. 

1 

(a) Frost. 

(i) Hegenerate Scotch pine-woods under a shelter - wood. 
Avoid large felling-areas in clearing Scotch pine-woods, and 
wherever, owing to circumstances, natural regeneration is im- 
practicable, narrow strip-fellings should be effected, in order to 
afford the young plants lateral shelter against the sun. 
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(ii) Avoid sowings, and especially broad-cast sowings, in 
artificial reprodnctioii of Scotch pine. "When transplants arc 
scarce it is preferable to sow early in the .year, in drills 10 to 12 
inches apart. Densely growing seedlings should bo thinned, 
and a mixture of spruce with Scotch pine-seed acts favom'ably, 
the spruce protecting the pines. 

(iii) yearling pines are best planted out with balls of earth, 
by means of Heyer’s circular spade, so that all injuries to the 
roots arc avoided. 

(iv) Sowings of Scotch pine should bo abandoned in naiTow 
deep valleys and in depressions. 

As regards forest-nurseries, the following rules hold good ; — 

(v) Beds of seedlings should be covered with dead 
leaves, needles, or moss, leaving onlj'- tho tops of the plants 
free. 

(vi) The bods may be protected by coverings, which should 
not be too dense. They should be placed at about a yard from 
tho ground, towards tho cud of September, and before the first 
early frosts, and may bo removed as soon as late frosts in spring 
are no longer to bo feared. Throughout the' winter, tho 
coverings may be jiartially removed during bright days, but 
should bo reifiacod before sunset. If the coverings are placed 
lower domi, the plants suffer from insufficient aeration, but 
coverings such as are here described have proved very efficacious 
in difierent parts of N. Germany. 

(vii) Seedlings may be sprinkled with fine dry soil, at the 
beginning of September, so that only the needles remain 
uncovered. In case the earth should be washed away by rain, it 
must bo replaced. 

. (viii) Tho nursery-beds should bo manured with decomposed 
beech loaf-mould. This has been strongly recommended by 
several foresters, and a coating of about 1 to inches appears 
to be sufficient. This prevents sudden wide ranges of tempera- 
ture in tho surface-soil, though it is not clear on this account 
M'hy beech leaf-mould is preferable to other similar manure. It 
is stated, however, that heather-humus does not prevent needle- 
shedding, when used instead of beech leaf-mould. 

(ix) When two-year-old plants are used, the yearlings should 
be transplanted into nursery-lines. 
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(b) Drying-vp of Needles. 

The principles to be follo'wcd in the ease of this variety of the 
disease should consist in plans for raising tbo temperature of the 
soil, and reducing the intensity of the light, in order to increase 
the activity of the roots and reduce transpiration. 

Soil-tcmperaturc is increased by the following measures : — 

(i) Draining tret soils. 

(ii) Deep cultivation and manuring, for instance with burned 
turf, but these measures can be undertaken only in .permanent 
nurseries. 

(iii) Baising the level of the soil in places prepared for 
sowing or planting. This method is iiscful for other reasons, 
and especially in the case of compact or wet soils. 

(iv) Covering the intervals between rows of plants in the beds 
with substances which are bad conductors of heat, such as moss, 
dead leaves, &c. 

Intensify of light is reduced as follovrs : — 

(v) Tlej)roductiou of Scotch pine under shelter-woods, or with 
lateral shelter. 

(vi) Sowing Scotch pine with leguminous fodder-crops, sucli 
as lucerne or saintfoin. This has given splendid results in 
Brandenburg and Mecldenburg. 

(vii) The hardiness of the plants is increased by giving them 
plenty of space from the first, by carefully preserving the fibrous 
rootlets during transplanting, and by using transplants with balls 
of earth round their roots. 

(c) Conclusion. 

From the above it is evident that the two varieties of the 
needle-shedding disease may bo treated similarly. Needle- 
shedding, owing to the fungus, would indeed be favoured by 
some of the rules given under (a) and (b) ; for instance, reproduc- 
tion under shelter, and manuring and covering ivith Scotch 
pine-branches. ‘ 

Two other methods of pi'otection have recently been suggested, 
but Hess has no experience of his own regarding their 'eflSca^v'- 
They are as follow's : — 

(i) One or two-year-old plants xcuty bo* carefully dug' up 
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nfc the end of September or beginning of October, when they 
have nssnincd their normal winter-colour, nnd placed in rows in a 
bed of loose enrtb raised 27 to SO inches from the gronnd, and then 
covered loosely with a few dead leaves. The plants will bo 
green nnd in good order for planting in the spring, when 'other 
plants left in the nursorj’-beds have become quite red. 

(ii) According to the other methwl, trenches arc dug 24 to 
27 inches broad, nnd 30 to 40 inches deep, nnd the plants placed 
in rows at the bottom of the trench with earth between the rows, 
either in autumn or in early spring. Sticks arc placed across 
the top of the trench at distances of six to eight inches, which arc 
then covered with bi'anehcs of Scotch pine, or of silver-fir. Spruce 
branches will not do, as the needles drop off too readily’, j The 
density of the covering must bo regulated according to the state 
of the weather, nnd it should bo denser when there is n 
considerable range of temperature between the day nnd night in 
the spring. In case of prolonged drought the plants should bo 
lightly sprinkled with water. 

This method has been followed with advantage in certain 
forest ranges in Prussia. A trench 10 feet long will contain 
about 5,000 one to two-year-old pine-seedlings. It has not, 
however, always proved successful, and it is doubtful w’hcther 
trenching plants in autumn may not bo prejudicial. More 
experience is necessory before it can be confidently, recommended. 
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CHAPTER VI. 

DAaiAQB TO TItKKS BY ACI1> FOalES KHOM FURNACEiS, &C. 

1. Description of Injury.* 

AVoods long exposed to acid fumes from iron-smeltiug 
fimiaces, alkali and other chemical 'works and hrickfiolds, or to 
excessive coal-smoke in crowded cities, become couiiunally more 
and move sickly, and may eventually die. 

The needles of coniferous trees become discoloured at first on 
the side from which the fumes come, turning yellowish, then 
reddish, and finally falling oft’, jn-obably owing to the action of 
the acids on the ch1oroph}dl. Tlio buds at first escape injury, 
but the twigs of the trees gradually die from the summit of the 
trees downwards. In this Avay the crowns of the trees get 
continually thinner, ns if they had been attacked by the pine 
beetle, and they OA'entually die. 

Broad-lcaA'cd trees sufibr in n similar way, the damago to the 
leaves shoAving itself by larger or smaller reddish blotches, whicli 
gradually spread OA'er the loaf till it dies and falls off the tree. The 
fact that most brond-leavod trees are Icafiess during winter, when, 
there is most smoko, accounts for their comjjaratiA’e immunity in 
XiOndon, Avhilst in Jjancasbirc, large coal-fires go on burning all 
the year round. Then, in proportion to the area, there is ten 
times as much coni burned at St. Helen’s ag in Loudon, and 
consequently vegetation suft’ers much more in the former place. 

Fruit-trees exposed to acid fovnes cense bearing fruit before ■ 

* VitU Journal of tlic Society of Chemical Iiidustvy, up. 202 — 20C ami pp. 342— 
316. LuiiRo's Slnmifiicture of Sulphutic Acid Alkali, vol. i., p. 110 ; vol. ii., 
pp. 182 — 190. Air niid liaiii, by Dr. It. Aligns Sinitli, 1872. Hnscnclovcr, 
Clicniiscbo liidnstric, 1879. Yon Sclirocdcr, Di. Julius, and Itciiss, Cnrl,’ 
Jlcscliiidigung dcr Vcgetniioii dtiicli Itancli und dio Obci]ini.!Pr IlUttciirnncb- 
scliiulcii. llcllin, 1883. Tlir best luoiiogmpli on tlio subject. — Journal or,EoynI 
licit. Soc., llinch, 1891, “Ticcs and Shinbf; for Lnigc Towns,” Mnwvoll T. 
Masicis ; also ” Eilccts ol Uibau Fog on Cultiv.itcd I’lunls," F. IV. Oliver. 
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the foliage is seriously injured, and St. Helen's was formerly 
famed for its fruit ; but since 1867, owing to the chemical woi'ks 
in its neighbourhood, no fruit has been produced there. Crops 
of wheat exposed to acid fumes may to all appearance be ripe 
and full, when scarcely a grain is to be found in the ears. 
Koot-crops, such as j)otatoes and turnips, suffer less, and on the 
whole trees suffer much more than grass or agricultural crops. 
In some cases pasture may be poisoned by fumes of arsenic, &c., 
and sheep and other animals eating the gi-ass may be killed. 

In 1861, extensive damage was fonnd to have been done to 
coniferous woods by the fumes from the Works at Freiburg in 
Saxony, in some of which sulphuric acid is made from iron 
pyrites. Stockhardf' and Schroder, t at the Tharandt laboratory, 
investigated the chemical components of the smoke which cause 
the damage, and Hamburger! has done the same more recently. 
Subsequent notices§ have appeared about damage in the 
Oberharz owing to acid fumes, and the area of fore>5t damaged 
by three Iron-Works, in 1881, was about 11,260 acres. In the 
Altenau forest-range this damage has become noticeable since 
American ores have been smelted, which contain more sulphur 
than the native ores. 

2. Xjijvrious Components of Smoke. 

It has been proved by observations made at Tharandt, that of 
the components of the fumes from the Saxon Works, lead, arsenic, 
and sulphur compounds, soot, &o., only sulphur dioxide is 
hurtful to woody growth, and a similar result has been arrived at 
in the case of coal-smoke. In order to ascertain the fact, 
various species of woody plants have been subjected to frequent 
and prolonged exposure to artificially produced fumes of each of 
the separate components of the smoke. Sulphur dioxide in the 
soil has no prejudicial effects on plants, as has been proved by 
watering them with diluted sulphur dioxide solution, for the gas 
speedily becomes converted into sulphuric acid, and forms 
harmless compounds with alkalies in the soil. 


' Tharandtcr Jhrboh., vol. ix., 1353, p. 169 ; also vol. xxi., 1871, p. 218. 
+ Id., voL xxii., p. 185; vol. xxiii., p. 217. ^ 

t Id., 1888, p. 144. 

VOL. IV. 


n B 
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The action of the sulphur dioxide, when the air is moist, or 
the leaves moistened with dew or rain, is rapid and decisive ; it 
is probably absorbed by the plants in the form of sulphuric acid, 
being taken up in variable quantities by the leaves or needles of 
different species of trees. It then proceeds from the leaves into 
the twigs. The leaves or needles gradually turn brown, owing 
to the decomposition of the chlorophyll and the tissues of the 
leaf. 

Sulphur dioxide finds its way into the atmosphei-e by the 
roasting of minerals containing sulphur, and from coal-fires; 
coal containing about 1‘5% of sulphur chiefly in the form of 
iron-pyrites. What minute quantities of this gas sufiice to MU 
plants was proved in 1864, by experiments with spruce plants 
which were exposed to air containing only one -millionth part of 
sulphur dioxide. After 885 pufis of the air, the points of the 
needles began to turn brown, and eventually turned completely 
brown. 

It has also been supposed that the soot in smoke might injure 
forest trees by blocking up them stomata, but this mode of 
injury is not admitted by Stdckhart. 

As injurious compounds of the smoke of other Works may be 
reckoned, vapours of merouiy,^ hydrochloric acid gas, oxides of 
nitrogen, and chlorine. Also steam containing soda particles 
from cellulose-factories. The influence of hydrochloric acid 
from alkali-works is shown whenever the air contains 0*1 per 
cent., by a considerable increase in the chlorine in the leaves. 
They get brown or red edges, and eventually dry-up and fall. 
Chlorine acts similarly, but more energetically. Hydrochloric 
acid is very destructive to vegetation, sometimes forming dense 
clouds which, after escaping from AUcali-Works, settle on fields 
and kill whole patches of the crops in them ; it is, however, on 
the whole less hurtful to woods and crops on a large scale, than 
sulphur dioxide, and the some may be said of the similar action 
of the oxides of nitrogen, and chlorine. Dr. Angus Smith gives 
the following comparative statement of acidity of air at difierent 
places in England ; — 


Wngner’s Jlirbdi., 1874, p. 277. 
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Locality. 

nci. 

so* 

nemarks. 

Blackpool, on tlio Laiicnsliiro coast 

too 

100 

Dr. Smith 

London 

320 

282 

gave Iho pro- 
portions in 
SO,, and i ths 
of these are 

Mnnolicstor 

396 

410 

St. Ilclou's 

516 

387 

given hero as 
SO,. 

Underground Railway (London) . 

974 

1243 



In a field near Blackpool lie found 20‘27 grains of hydro- 
chloric a<5id and 155"80 grains of sulphur dioxide in 1,000,000 
cubic feet of air, and the quantities in the other places may bo 
calculated from those figures. 

Dr. Hamburger'*' states that he exposed leaves to the action of 

i^’ ^ sulphuric and hydrochloric 

acids of equivalent strength, n being a normal solution of 
49 grammes of sulphuric acid, or 86^- grammes of hydrochloric 
acid in one litre of water. 

The normal solution produced discoloration in about half an 
hour, yellowish-brown spots appearing in the middle of the leaves 

and extending gradually over the whole surface. The ^ took 

three hours before signs of destruction appeared. The 
acted in about a day, but the action of the sulphuric acid was 
stronger than that of hydrochloric acid. sulphuric 


acid produced discoloration in about a week, while the 
hydrochloric acid required ten days to do so. 


n 


iOOO 


The 


n 


2000 


acid, equivalent to 24^ gi’amraes of sulphuric acid or 


18i grammes of hydrochloric acid in 1,000,000 parts of water, 
seemed to have no action. Two greenhouse-plants were submitted 


to a daily spray of the 


n 


2000 


acid for a month, but showed no 


corrosion. 


Journal of the Society of Chpniical Industry, 1881, p. 205. 
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3. Damage done. 

(a) General Aecount. 

Among the direct kinds of damage done by acid fumes to 
trees are : — loss of increment, thinning out of woods and forma- 
tion of blanks, injury to fruit, especially in the case of orchard- 
trees, loss of fodder by destimctibn of grass in a forest ; damage 
is done indirectly by rendering the woods liable to insect- 
attacks, to fire and other dangers. 

* (b) According to Species. 

Conifers suffer more from smoke than broad-leaved species, 
even although the needles under similar conditions absorb less 
sulphur dioxide, and are in themselves less sensitive and 
hardier than other leaves. This is due to the longer duration of 
the needles and their consequently increased exposm'e to the 
bad influence of the gas, and to the gi’eater powers of recovery 
possessed by broad-leaved species. 

Thus, evergreen conifers are not only longer exposed each 
year, but the evil accumulates from year to year, as long as the 
needles remain on the tree, whilst broad-leaved trees annually 
throw off their leaves. 

Schroder*" found that 1000 square centimeters of leaf-surface, 
containing double that quantity above and below, will, within 
thirty- six hours, absorb sulphuric dioxide as follows : — 

C. cm. 

Silver-fir needles (young) . . . . . 1*8 

„ ,, (old) ..... 1’4 

Alder leaves ....... 7*9 

When ex^iosed a second time the silver-fir needles absorbed 
1*G c. cm. 

The following list gives the order of the sensibility of conifci'S 
to damage by smoke and fumes in Germany ; — 

Silver-fir, most susceptible. 

Spruce. 

Scotch pine. 

Larch. In the British Isles, larch appears to suffer more than 
Scotch pine. 

* Thar. Trstl. Jhrljcli., vol. xxii., 1872, p. IM. 
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Fio. 259. — ^Same Oaks pliotographcd July, 1888. SDveml ycais’ cumulative injury 
having kilM the ti CO!..* 

* Ifroin Croonian Lcctmc by Mnr&linU Waril (vide p. 5G2). 



588 


PROTECTION AGAINST DISEASES. 


Webster^ gives a list of trees and shrubs suitable for town- 
planting, but among conifers only mentions the deciduous Gmkgo 
hiloba, or maidenhair tree, as flourishing in the worst smoke-in- 
fected parts of London, and lietinospora pliimosa aurea which has 
stood for seven years in one of the most smoky districts of Glas- 
gow, and looks almost as ivell as when brought from the counttj'. 

IMasters also recommends Ginkgo hiloba and Pimis excelsa. 

J. W. Sowerby, the Secretar 3 ' to the Eoynl Botanic Society 
of London, who has resided in the Botanic Gardens, Begent’s 
Park, since 1842, states that when the gardens w'ere first laid 
out (1839—45), special mounds were made and planted with 
nearly all hai'dy species of conifers, and although the natural 
soil of the Gardens is a stiff yellow clay, suitable soil was 
furnished for ^the different trees : but at present (1895) only a 
few miserable plants remain, including five or six deodars, and 
some yews, which last longest, but are now looking very bad. 

The amount of damage done to broad-leaved trees depends not 
only on the susceptibility of the leaves, but also on the powers 
of recovery of each species, so that trees which unite least 
susceptibility to greatest powers of recovery will suffer least. 

Schroder has drawn up the following list ; — 

Very susceptible : the beech. 

Moderately so : hornbeam and birch. 

Least: maples, ash, alder, and oak. 

The immunity of oak is not, however, confirmed by English 
experience, and Marshall "Ward states that oaks suffer greatly 
from acid fumes. Perhaps the German authorities refer to 
sessile oak, which is rare in England, where the pedunculate 
oak abounds. 

A Belgian t ofScial report also considers the hornbeam and 
oak as suffering most of all broad-leaved species from acid 
fumes and even places them above the larch in this respect. 

Borggreve at Miinden drew up a similar table to that of 
Schroder, in the following order : — 

1. Silver-fii', spruce, Scotch pine. 

* Practical Forestry, by Angus D. Webster. Rider end Son. 2nd edition. 
London 1895. 

+ Rapport par la Commission d’EnqnSte relative h I’influenre des Emanations 
acidra sur la Vegetation. Quoted by Dr. Angus Smith in an Appendix to Air 
and Rmn. ^ 
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2. Boceh, lime, poplar, aklcr, maples and ash. 

8. Hornbeam, aspen. 

4. Oak (least suscopUblo). 

According to Hess's* own experiments elms {Ulmns montana 
and camjKstris) must bo reckoned among resisting species. 

The above grouping cannot always bo relied on, as there are 
too many modifying factors in particular cases. London, with 
its constant conl-smoko and numerous factories and frequent 
dense sulphurous fogs, should give better practical results ns to 
tbc comparative powers of resistance of trees than any merely 
nrtificial laboratory experiments. 

There arc fine large flourishing plane-trees (Plafamis 
orieiiiaUs,^ L.) in Choapside and on Ludgatc Hill, which are 
entirely surrounded by tall buildings, and the plane is growing 
well on tho Thames Embankment and in many parts of London. 
The fact that the plane-tree sheds large flakes of its bark 
annually, and that its buds ore sheltered by its sheathing 
petioles probably contribute to its immunity. 

The following account of the trees and shrubs which flourish 
in the Botanic Garden in Eegent’s Park, London, has been 
kindly supplied by J. W. Sowerby. 

"Plata II IIS occide II tail's and several varieties between it and 
P. ar'ientalis. Of tho former there are many very large trees. 
Maples of several species and varieties. Horse-chestnuts flower 
and fruit as well as in tho country. Poplars of many species.! 
Elms, of which a bolt surrounds the Gardens, and one old olrn 
which was on tho ground in 1888 is still healthy. 

“ Lime withstands smoke but suffers from gi-eon aphis and other 
pests, and looks shabby in early autumn, ns tho leaves fall early. 

. Bobiuia thrives for 30—40 years, but then dies gradually, per- 
haps owing to the cold clay sod of the Gardens. Two’ oaks 
remain small and scarcely grow, but have kept alive for over 50 
years. Laburnum does well, and so do white and red thorns 


» Frstl. Blttr., 1874, p. 31. 

i-Vs, -.TStts :sa rit 



500 


PltOTEOTION AGAIKST DISEASES. 


“ Of shrubs Ancuha japonira is best and fruits freely, and so 
do several varieties of privet. Lilacs and box do well, and 
J\Tahotiias faiidy.*' 

'Webster adds the following to this list : species of Iih7is and 
Coioncustcr, Virginia-crceper, ivy and the vine, besides Daphne 
Latireolft, L., Shimmea japonica, liibcs sajipiiincHu, and .7ns- 
viinuvi mulijlortim. He also gives a list of trees suitable for 
town-planting, which generally agrees with Sowerby’s list, 
but also contains the following: Ailanthns glamhilosa, Desf., 
Magnolia acuminata, Liriotlcndron iulipifcra, Catalpa higno- 
nioidcs, Moras nigra, L. He states, however, that horse- 
chestnuts, limes and elms soon show signs of distress when 
grown in smoky localities. 

According to the Belgian oiBcial report, the black alder 
{Ainas glatinosa, Gaertn.), may be seen growing close to 
chemical works, and in situations ver 3 ' much exposed to acid 
fumes, but appnrcntlj- suflering verj’ little from them. 

In planting avenues, or x>afhs, in a crowded city, however, 
not onlj* immunity from fumes has to bo considered, but also 
the nature of the soil, the dcsirabilitj’’ of the tree and the amonnt 
of shade it gives, and whether it bears radiation of heat from - 
the houses and streets. The poplar having a straggling crown 
and its branches being very brittle is not sxiitablc, while limes, 
except Tilia argeniia, and some other siiccies, are liable to lose 
their foliage prematurely in hot dry summers. Probably' the 
plane and sycamore are the best trees for the purpose. 
Of oaks iJi-obably the Turkey oak {Querens Cerris, L.) is 
the onlj’' deciduous species which can at all resist the smoke of 
a large city. Querens Ilex is termed by Masters a good town 
tree. 

In the Black Country, near Wolverhampton, Dudley and Bil- 
ston, the air is at present not nearly so impure as was formerly 
the case when the shafts of the smelting furnaces were open, and 
the furnaces themselves much more numerous than at present. 
Dudlej' Park is exposed on the east ‘to the acid fumes of 
smelting furnaces, and yet ash, poplar and sycamore trees are 
growing there fairlj' well w’ith elder, whito-thom and hazel 
undergrowth, and beech appears on the western slopes of the 
Park, which are exposed to ojicn country where there are no 



DAMAGE TO TBEBS BY ACID EUMES. 


591 


furnaces. Grass grows well enough in the Black Countiy, and 
there can he no reason why the large extent of uneven grassy 
Itfnd near Bilston (about 14,000 acres), where the coal- 
fields have been worked out, the soil being weathered shale, 
should not he planted with trees, instead of remaining, as it is at 
present, a dreary waste. It is said that to level this land would 
cost ^'100 per acre, but no levelling would he necessary, if it 
were to he planted up with trees, 'which grow well enough on 
similar land in Belgium.' 

There are Works at Bilston for galvanizing iron, and the 
molten zinc in which the sheets of iron are plunged is covered 
with chloride of ammonium to prevent its oxidising. The 
fumes given off during the process are said to kill all leaves of 
trees near the Works by June every year, but these fumes 
probably extend only for a short distance from the Works. 

(c) Age of Trees. 

Woods suffer from acid fumes at all ages, hut poles 15 — 30 
years old appear to suffer most. 

(d) Locality, 

The influence of the locality makes itself folt chiefly by the 
direction of the prevailing winds which bring the fumes towards 
the trees. 

The Belgian Commission mentions 2000 meters as the 
greatest distance from chemical works, in the direction of the 
prevailing winds, at which damage was observed. La certain 
oases, however, woods have been injured at distances of 
miles from the Works, but naturally the amount of injury 
done varies inversely with the distance. Trees bordeiing on 
- the wood, and especially on woods to the east and north-east of 
the Works, will suffer most. Even the smoke of locomotives in 
narrow valleys has proved prejudicial to trees on either side of a 
railway. Oliver states that the effects of London fog extend to 
85 miles westward and that seedlings of Cucurbits and Tomatoes 
are thus killed at even that distance from London. 

It has been observed, chiefly in the Oberharz, that woods 
growing on fertile soil resist ncid fumes better than those on 
poor soils. 
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(e) Climate. 

Exposure to light and moisturo aro not nrithont influence on 
the action of acid fumes. More damage is done h 3 ' day than 
hy night, when assimilation is arrested. Leaves sufler more' 
when dew is resting on them than when they are dry. Thus the 
damage will ho at its maximum after rain at midday, and at its 
minimum with cool nights and drj’ days. The damage during 
rainy weather, though more severe than in dry weather, does not 
extend far from the Works, ns the rain speedily dissolves the 
fumes. 

(f) Sundry Circumstances. 

When older woods overshade nn underwood, the former may 
protect the latter from damage b 3 '’ fumes, and trees standing 
above the general lenf-canopy of the wood, such as standards in 
High Forest or above Coppice, sufl’or most. The shelter afforded 
to crops and orchards by walls and hedges is also considerable. 

4. licmcdial Measures. 

\ No thoroughly efficient measures have been devised against 
this evil. Tall chimneys, sometimes 500 feet high, indeed 
carry the fumes into the higher strata of the atmosphere, 
but it has been found that hydrochloric acid descends from them 
to the ground in dense clouds, and lays waste the vegetation at 
greater distances from the Works than before. 

The best protective measure against hydrochloric acid is 
to get it condensed, as is now done in the British Isles 
under the Alkali Acts of 1863 and 1870, so that less than 
1 per cent, of the acid generated in the Works escapes into the 
air. 

There is more difficulty in dealing with the sulphur dioxide, 
and even the most perfect smoke-combustion cannot free the 
air of it. Attempts have been made in Germany to convert it 
into sulphuric acid, but this removes only one-third of the 
injurious gas, and at Clausthal in Germany 1,250 tons of 
sulphur are annually sent into the air, greatly damaging the 
coniferous woods in the neighbourhood. 

The forester in districts where hurtful fumes exist can there- 
fore act only by planting protective belts of strong transplants 
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' of tbo most resisting trees in the direction of the factories, and 
managing thorn entirely by the Selection system. Under the 
shelter of these belts it will he better, if possible, to grow 
Coppice, or Coppice-with-Standards, which do not attain the 
height of High Forest. 

As owners of woods injured by foctoi-y fumes can claim com- 
pensation in the Courts of Law, the question of estimating the 
damage done is of great importance. 

In 1864 the Freiburg Works had to pay £2,750 compensa- 
tion for damage done to vegetation. Estimates of the value of 
the damage must he made in accordance with the principles of 
Forest Valuation, and involve much difficulty. More will not he 
said on this subject here, hut references are given below^ to 
German hooks specially dealing with it. 

• Kraft, Ueber <lio Bcrcchnung dcr durch Huttcnrancli veninlnsstcn Sohiidi. 
gunc von HolssbostUndon. Ztsclirft. fr. Prst. u. Jgdir., 1887, p, 270. Rndnick. 
Id., 1889, p. 417. 
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